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MUSING 


ysics Musing was started in August 2013 issue of Physics For You with the suggestion of Shri Mahabir Singh. The aim of 
Physics Musing is to augment the chances of bright students preparing for JEE (Main and Advanced) / AIIMS / Other PMTs 

with additional study material. 

In every issue of Physics For You, 10 challenging problems are proposed in various topics of JEE (Main and Advanced) / various 

PMTs. The detailed solutions of these problems will be published in next issue of Physics For You. 

The readers who have solved five or more problems may send their solutions. The names of those who send atleast five correct 

solutions will be published in the next issue. 

We hope that our readers will enrich their problem solving skills through "Physics Musing" and stand in better stead while facing 

the competitive exams. 


By : Akhil Tewari 


ROBLE 
P Set rr iad | 


SUBJECTIVE PROBLEMS 5. In the shown figure a mass m slides down the 


frictionless surface from height h and collides 
with the uniform vertical rod of length L and mass 


M. After collision the mass m sticks to the rod. 
The rod is free to rotate in a vertical plane about 


1 An object of mass 5 kg falls from rest through a 
vertical distance of 20 m and attains a velocity 
of 10 m s™!. How much work is done by the 


resistance of the air on the object? 
(Take g = 10 ms~). fixed axis through O. Find the maximum angular 


2 A particle of mass m moves along a straight deflection of the rod from its initial position. 


line on smooth horizontal plane, acted upon QO 
by a force delivering a constant power P. If the 
initial velocity of the particle is zero, then find 
its displacement as a function of time t. 
3. A system consists of two identical 
cubes each of mass m linked 
together by a compressed massless 
spring of stiffness k. The cubes are 
connected by a thread which is burnt 
at a certain moment. At what value 
of initial compression £ of the spring will the 
lower cube bounce up after the thread is burnt. 


k 6. In the system shown in the figure masses of 
the blocks are mı and m3 and that of the pulley 
(a uniform disc free to rotate about the axle) is 
m. The co-efficient of friction between the block 
of mass m; and the plane is u. At t = 0 block 


4. A uniform rod of mass M and length a lies on a fiigatanis descending, The string doesnot slip 


smooth horizontal plane. A particle of mass m 

moving at a speed y perpendicular to the length 

of the rod strikes it at a distance a/4 from the 

centre and stops after the collision. Find 

(a) the velocity of the centre of the rod and 

(b) the angular velocity of the rod about its 
centre just after the collision. 


Solution Senders of Physics Musing 
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2. Khwaja Sami Boig, Azamgarh (U.P) 
3. Saureesh Rao, Nasik (Maharashtra) 
4. Shamali Khanna (New Delhi) 
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on the pulley. Find the work done by the friction 
acting on the block m; over the first t seconds. 
Neglect the mass of the string and friction in 
the axle of the pulley. 


mi 


m 


A cylinder of mass m is suspended through two 
strings wrapped around it as shown in figure. 


If cylinder is released from rest then find 

(a) the tension T in the string and 

(b) the speed of the cylinder as it falls through 
a distance h. 

A lens has a power of +5 diopter in air. What 

will be its power if completely immersed in 


3 4 
water ? (Given Hg =>’ My =3) 


9. 


10. 


A circular loop of radius R is bent along a 
diameter and given a shape as shown in figure. 
One of the semi-circles (KNM) lies in the 
x-z plane and the other one (KLM) in the 
y-z plane with their centres at origin. Current 
I is flowing through each of the semi-circles as 
shown in figure. 


A particle of charge q is released at the 
origin with a velocity V=-Vi. Find the 
instantaneous force F on the particle. Assume 
that space is gravity free. 

A particle is revolving with a constant angular 
acceleration œŒ in a circular path of radius r. 
Find the time when the centripetal acceleration 
will be numerically equal to the tangential 
acceleration. 


oo 


nea A Series of Quick Reference Books 


Cover complete syllabus in point form e A Handy High Yield Facts Book 
Easy to Grasp e Essential for all Competitive Examinations 


rapid rapid 
PHYSICS CHEMISTRY 


Buy ONLINE at 
www.mtg.in 


PHYSICS FOR YOU | AUGUST ‘14 


Buy ONLINE at 
www.mtg.in 


Plot 99, Sector 44 Institutional Area, Gurgaon (HR) - 122 003 
EWA Tel.: (0124) 4951200 e-mail : info@mtg.in 


web : www.mtg.in 


How to choose the right 
answer, fast? 


CERT 


"ow FINGERTIPS 


The answer is practice... | Fees 


* Chapterwise student-friendly synopses for 
Our team has seen that in AIPMT, AIIMS and other PMTs, Multiple Choice quick-and-easy revision 
Questions (MCQs) are based on the NCERT syllabus. Largely l! With * Topic-wise MCQs to check your progress 
Objective NCERT at your FINGERTIPS, you can become a pro at handling * NCERT Exemplar MCQs 
MCOs, Practice to increase your accuracy and improve timing with a bank 
of over 10,000 questions, all framed from NCERT course books. Don't take 
our word, have a look what some of our readers have to say. 


* Assertion & Reason questions for an edge in 
your AIIMS/JEE preparation 


» 5 practice papers for self-assessment 


Arbina Shores 

Thir book from the meg edituri buant given yum ample proactive covering euch at evry oye, Not part ibeo far AIPMT fru 
any other geam ihat you tube in biology For a mutter uf fact ir ix idoal far revision in hoards There are diagram duvet 
questivas iy every Ager which mowed are gnit froquently asbed There are mirch the Rallorw tng iris ar falve. fl ie the 
Diands, chasg the incorrect correct samen ype gustem but all in MOQ form The Drok remain mwe no ire tiple and rarely 
NCERT will be af your flagertien which inked mabes ira MUST BUY.” 
Arpa Tage nays 

“The bood is awesome! tt cominenes uf abuis ali excellent questions which oo be cxtracted out of NCERT books Bus aport 
from al! this friendy. this honk alreody had some queetions see NCERT which were arkes te 3073 AMUPMT. NEET omt 
ALUMS. I gyre atl thore exci anil scoced awesome in Bio. So if yun wand be master NCERT which it MOST ESSENTIAL FOR 
AIPMT. thos po fove thir honak: * 

Asien Sharana savy 

“Line it ib meala your NCERT corwepes crystal clear Kory efficient Sor CRSE madioal entrance exam Level of questions dy very 
speed ul digrama are the iing on the cube Go fiw N.” 


Available at all leading book shops throughout the country. 
For more information or for help in placing your order, call 0124-4951200 or email:info@mtg.in 


PRACTICE QUESTIONS 


PMTs 


Useful for All National and State Level PMTs 


What will be the unit of time in that system in 
which the unit of length is metre, unit of mass 
is kg and unit of force is kg wt? 


(a) (9.8)"s (b) 9.8 s 
(c) V9.8s @— 


sS 
V9.8 


Water drops fall from a tap on the floor 5 m 
below at regular intervals of time, the first drop 
striking the floor when the fifth drop begins 
to fall. The height at which the third drop will 
be, from ground, at the instant when first drop 
strikes the ground, will be (Take g = 10 ms) 
(a) 1.25m (b) 2.15m 

(c) 2.73m (d) 3.75m 


A block of mass 5 kg resting on a horizontal 
surface is connected by a cord passing over a 
light frictionless pulley to a hanging block of 
mass 5 kg. The coefficient of kinetic friction 
between the block and the surface is 0.5. 
Tension in the cord is (Take g = 9.8 m s°) 

(a) 49N (b) 36N 

(c) 36.75N (d) 2.45N 


A 100 eV electron is fired directly towards a 
large metal plate having surface charge density 
-2 x 10°° C m”. The distance from where the 
electron be projected so that it just fails to strike 
the plate is 

(a) 0.22 mm 
(c) 0.66 mm 


(b) 0.44 mm 
(d) 0.88 mm 
An electric cable of copper has just one wire of 
radius 9 mm. Its resistance is 5 Q. This single 
copper wire of cable is replaced by 6 different 
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well insulated copper wires each of radius 
3 mm. The total resistance of the cable will now 


be equal to 
(a) 7.5Q (b) 45Q 
(c) 902 (d) 2702 


The torque required to hold a small circular coil 
of 10 turns, 2 x 1074 m° area and carrying 
0.5 A current in the middle of a long solenoid 
of 10° turns m7! carrying 3 A current, with its 
axis perpendicular to the axis of the solenoid, 
is 

(a) 12nx107Nm (b) 6mx10’Nm 

(c) 4nx107’Nm_ (d) 2nx107’Nm 

A body of mass m slides down an inclined plane 
and reaches the bottom with a velocity v. If the 
same mass were in the form of a ring which 
rolls down this incline, the velocity of the ring 
at the bottom would be 


(a) v (b) Z 
© v2v (a) Z, 


A bullet when fired at a target with a speed of 
100 m s”', penetrates 1 m into it. If the bullet 
is fired at a similar target with a thickness 
of 25 cm, then it will emerge with a velocity 
(in m s~!) of 

2 

3 

v3 2 


100x d) 100 
(c) a (d) ae 


(a) wox (b) 100x 


9, 


10. 


11. 


12. 


13. 


A metal sphere of radius r and specific heat s 
is rotated about an axis passing through its 
centre at a speed of v rotations per second. It is 
suddenly stopped and 50% of its energy is used 
in increasing its temperature. Then the rise in 
temperature of the sphere is 


270r? 
@) 


( rv 
5s 10r?s 


5(nrv)? 
(d) 14s 


E 
(c) z nr?o?s 


A wire stretched between two rigid supports 
vibrates in its fundamental mode with a 
frequency of 45 Hz. The mass of the wire is 
3.5 x 10° kg and its linear mass density is 
4.0 x 10° kg m™. What is the speed of a 
transverse wave on the string? 

(a) 69 m s7! (b) 79m s~! 

(c) 89 m s™! (d) 99 m s~! 

In a Young’s double slit experiment, d = 0.5 mm 
and D = 100 cm. It is found that 9" bright fringe 
is at a distance of 7.5 mm from the second 
dark fringe of fringe pattern. The wavelength of 


light used is (in Å) 
(a) zw (b) 2500 
(€) 5000 a 2 


Figure represents a graph of kinetic energy of 
most energetic photoelectrons Kmax (in eV) 
and frequency v for a metal used as cathode in 
photoelectric experiment. K max (eV) 

The threshold frequency 


of light for the 977-77 
photoelectric emission 2 

from the metal is 1 

(a) 1x 10! Hz 0 o (Hz) 


(b) 1.5x10!4 Hz 
(c) 2.110! Hz 
(d) 2.8 x 10!4 Hz 


A man throws a ball at an angle of 45° with the 
horizontal plane from a height of 15 m. If the 
shot strikes the ground at a horizontal distance of 
30 m, the velocity of throw is (Take g= 10 m s?) 
(a) 10ms™! (b) 10V2 ms} 
(c) 20ms? (d) 20/2 ms! 


14. 


15. 


16. 


17. 


18. 


19. 


Force on a 1 kg mass on earth of radius R is 
10 N. Then the force on a satellite revolving 
around the earth in the mean orbital radius 
3R/2 will be (Take mass of satellite = 100 kg) 
(a) 4.44 x 10° N (b) 3.33 x 10° N 

(c) 500 N (d) 6.66 x 10° N 


An electron tube was sealed off during 
manufacture at a pressure of 1.2 x 107 mm of 
mercury at 27°C. Its volume is 100 cm>. The 
number of molecules that remain in the tube is 
(Take g= 10m s’) 


(a) 2x 10'° (b) 3x 10" 
(c) 4x10" (d) 5x10" 
Three designs are proposed for an engine 


operating between 500 K and 300 K. For 1 kcal 
of heat input, design A claims to produce 3000 J 
of work, design B claims to produce 2000 J of 
work and design C claims to produce 1000 J of 
work. The design which is possible is 


(a) A only (b) B only 
(c) All (d) C only 
A body weigh 50 g in air and 40 g in water. 


How much would it weigh in a liquid of specific 
gravity 1.5? 


(a) 65g (b) 45g 
(c) 30g (d) 35g 
The work done by electric field during the 


displacement of a negatively charged particle 
towards a fixed positively charged particle is 
9 J. As a result the distance between the charges 
has been decreased by half. What work is done 
by the electric field over the first half of this 
distance? 


(a) 3J (b) 6J 
(c) 1.5J (d) 9J 
Two co-axial solenoids are made by winding 


thin insulated wire over a pipe of cross-sectional 
area A = 10 cm? and length = 20 cm. If one of 
the solenoids has 300 turns and the other 
400 turns, their mutual inductance is 

(a) 2.47 x 10“ H (b) 2.47 x 10” H 

(c) 48nx10*H (d) 4.87x 10” H 
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20. 


21. 


22. 


23. 


24. 


25. 


26. 


Two circular coils are made of two identical 
wires of same length and carry same current. 
If the number of turns of two coils are 4 and 
2, then the ratio of magnetic induction at the 
centres will be 


(a) 4:1 (b) 2:1 

(c) 1:2 (d) 1:1 

A thin lens (u = 1.5) of focal length + 10 cm is 
immersed in water (u = 1.33). The new focal 
length is 

(a) 20 cm (b) 40 cm 

(c) 48 cm (d) 12 cm 


The counting rate observed from a radioactive 
source at t£ = 0 was 1600 counts s™*, and at 
t=8 s, it was 100 counts s~". The counting rate 
observed as counts s”! at t = 6 s will be 

(a) 400 (b) 300 

(c) 250 (d) 200 


In a common emitter transistor, the base 
current Iz = 2 WA, & = 0.9, then Ip is equal to 
(a) 18u A (b) 20u A 

(c) 22u A (d) 24u A 


A small coin is resting on the bottom ofa beaker 
filled with liquid. A ray of light from the coin 
travels upto the surface of the liquid and moves 
along its surface. How fast is the light travelling 
in the liquid? 

(a) 2.4 x 108 m s~} ii 
(b) 3.0 x 10° ms"! 5 
(c) 1.2 x 108 ms"! 

(d) 1.8 x 10° ms"! 


3cm 


Coin 


A thin prism P} with 4° and made from glass of 
refractive index 1.54 is combined with another 
thin prism P, made from glass of refractive 
index 1.72 to produce dispersion without 
deviation. The angle of the prism P; is 

(a) 5.33° (b) 4° 

(c) 3° (d) 2.6° 


An energy of 24.6 eV is required to remove one 
of the electrons from a neutral helium atom. 
The energy (in eV) required to remove both the 
electrons from a neutral helium atom is 

(a) 38.2 (b) 49.2 

(c) 51.8 (d) 79.0 
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27. 


28. 


29. 


30. 


31. 


32. 


The current gain of a transistor in common- 
emitter mode is 49. The change in collector 
current and emitter current corresponding to 
the change in base current by 5.0 pA will be 

(a) 245A, 250uA (b) 240 uA, 235 pA 

(c) 260 pA, 255uA (d) none of these 


A 15 g ball is shot from a spring gun whose 
spring has a force constant of 600 N m7. The 
spring is compressed by 5 cm. The greatest 
possible horizontal range of the ball for this 
compression is (Take g= 10 m s72) 

(a) 6.0m (b) 10.0 m 

(c) 12.0 m (d) 8.0m 


The condition of apparent weightlessness can 
be created momentarily when a plane flies 
over the top of a vertical circle. At a speed of 
900 km h”!, the radius of the vertical circle that 
pilot must use is 

(a) 10.6 km (b) 8.5 km 

(c) 6.4km (d) 4.0 km 


A uniform disc of mass m and radius r is rolling 
down a rough inclined plane of inclination 
30°. The coefficient of static and dynamic 
friction each = u and the only forces acting are 
gravitational and frictional. The magnitude of 
frictional force acting on the disc is 


(a) mg (b) a 
mg mg 
o% @ = 


The ratio of the energy required to raise a 
satellite upto a height h above the earth of radius 
R to that the kinetic energy of the satellite into 
that orbit is 

(a) R:h (b) h:R 

(c) R:2h (d) 2h:R 

A satellite is moving in a circular orbit at a 
certain height above the earth’s surface. It takes 
5.26 x 10° s to complete one revolution with 
a centripetal acceleration equal to 9.32 ms. 
The height of the satellite orbit above the earth’s 
surface is (Take radius of earth = 6.37 x 10° m) 
(a) 70 km (b) 170 km 

(c) 190 km (d) 220 km 


33. 


34. 


35. 


36. 


37. 


38. 


Displacement-time equation of a particle 
executing SHM is, x = 4 sin wt + 3 sin (wt + 7/3). 
Here x is in centimeters and t in seconds. 
The amplitude of oscillation of the particle is 


approximately 
(a) 5cm (b) 6 cm 
(c) 7cm (d) 9 cm 


A gas under constant pressure of 4.5 x 10° Pa 
when subjected to 800 kJ of heat, changes the 
volume from 0.5 m° to 2.0 m°. The change in 
internal energy of the gas is 


(a) 6.75x105J (b) 5.25 x 10°J 
(c) 3.25x10°J (d) 1.25x10°J 


Two tuning forks A and B vibrating 
simultaneously produce 5 beats. Frequency of B 
is 512 Hz. It is seen that if one arm of A is filed, 
then the number of beats increases. Frequency 
of A will be 

(a) 502 Hz (b) 507 Hz 

(c) 517 Hz (d) 522 Hz 


In the part of a circuit shown in figure, the 
potential difference between points G and H 
will be 


2A 1A 
4Q 
20 5V 
3V p 
H' 3A 
(a) OV (b) 12V 


©) 7V (d) 3V 


In a circuit shown in figure, the potential 
difference across the capacitor of 2 F is 


(a) 8V 2F 
(b) 4V 

(© 12V 12V 1F 
(d) 6V ej 


A parrot sitting on the floor ofa wire cage which 
is being carried by a boy, starts flying. The boy 
will feel that the cage is now 

(a) heavier (b) lighter 

(c) shows no change in weight 

(d) lighter in the beginning and heavier later. 


39. 


4l. 


42. 


43. 


A sinusoidal voltage of peak value 283 V and 
frequency 50 Hz is applied to a series LCR 
circuit in which R = 3 Q, L = 25.48 mH, and 
C = 796 uF. The impedance of the circuit is 


(a) 4Q (b) 52 
(c) 6Q (d) 72 
. The rms value of the electric field of the light 


coming from the sun is 720 N C"'. The average 
total energy density of the electromagnetic 
wave is 

(a) 3.33x 10°J m? (b) 4.58 x 10% J m° 
(c) 6.37x10°Jm° (d) 81.35 x 10° J m”. 
P-V diagram of an ideal gas is as shown in 


figure. Work done by the gas in the process 
ABCD is 


3Vo 


ne 


— vV 
(a) 4Ps Vo (b) 2P Vo 
(c) 3P Vo (d) Po Vo 
The resistance of a bulb filament is 100 Q at 


a temperature of 100°C. If its temperature 
coefficient of resistance be 0.005 per °C, its 
resistance will become 200 Q at a temperature 
of 


(a) 300°C (b) 400°C 
(c) 500°C (d) 200°C 
Two long parallel wires carry equal current I 


flowing in the same direction are at a distance 
2d apart. The magnetic field B at a point lying 
on the perpendicular line joining the wires and 
at a distance x from the midpoint is 


oH ph 
Dis 2 Ži a2 
md“ +x") md“ — x“) 
= @ oe 
2 4 2 2 2 
(d? +x”) (d —x*) 
. A block of wood is kept on the floor of a 


stationary elevator. The elevator is beginning 
to descend with an acceleration of 12 m s~. If 
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45. 


1. 


12 


g=10ms~, then the displacement of the block 
during first 0.2 s after start is 


(a) 0.02 m (b) 0.2m 
(c) 0.1m (d) 0.04m 
A simple pendulum 1 m long has a bob of 


10 kg. Ifthe pendulum swings from a horizontal 
position, the K.E. of the bob, at the instant it 
passes through the lowest position of its path 
is 

(a) 89J 
(c) 98J 


(b) 95J 
(d) 85J 


SOLUTIONS 


(d): As [F] = [MLT °] 
72 ML _1kgx1m _1kgx1m 
F 1kgwt 9.8 N 
Ce 1kg wt = 9.8 N) 


or T= == s 

V9.8 
(d): By the time 5° water drop starts falling, 
the first water drop reaches the ground. 


1 1 
As u=0, h=~gt? =—x10xt? 
1 2 2 
or 5=5x10xt? ort=1s 
Hence, the interval of each water drop 
ot nis s 
4 


When the 5" drop starts its journey towards 
ground, the third drop travels in air for 

t = 0.25 + 0.25 = 0.5 s 

Distance covered by 3" drop in air is 

h =5 8 =5%10x(0.5) 

=5 x 0.25 = 1.25 m 

So, third water drop will be at a height of 

=5- 1.25 = 3.75 m 


(c): F T 
B O 
if 

5 


g 
From free body diagram of block B 
5g- T= 5aor T= 5g- 5a ai 
From free body diagram of block A 
T - f=5a or T - 5ug=5a 
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or 5g-5a-5x05xg=5a (using (i)) 
or 10a=2.5g=2.5 x 9.8 

or a=0.25x9.8=245ms? 

~ T=(5x9.8-5x2.45)N (from (i)) 


= (49 - 12.25) N = 36.75 N 
(b): Here, K.E. = 100 eV = 100 x 16 x 10°” J. 
This is lost when electron moves through a 
distance d towards the negative plate. 


<. KE. = work done = Fx s = gE x s= [ga 
£ 


0 
Be d= (K.E.)€ 


eo 
_100x1.6x107!? x8.85x10!? 
1.6x10- x2x10°° 
= 4.425 x 10-4 m = 0.4425 mm 
(a) : For one wire cable, 
Resistance, R = pl s =5 
A m9x10*) 
or pl=5r(9 x 107)? 
For other wire of cable, 
pl 
n(3 x10)? 
_ 5n(9x10°)} 
n(3 x10?) 
When six wires each of resistance R’ are 
connected in parallel, their effective resistance 
will be 
R,= z = = =75Q 
6 6 


d 


Resistance, R’ = 


45 Q 


(a) : Magnetic dipole moment of current loop 
is 
M= NIA =10 x 0.5 x 2 x 107 = 10° A m? 
Magnetic field inside the solenoid carrying 
current is 
B=mn =47x 107x 10° x3 
=12nx10*T 
Torque, t= MB sinO 
= 10°? x 127 x 10 x sin 90° 
(Gs 0= 90°) 
=12nx10’Nm 
(b): Kinetic energy of translation of mass m 


Į 
sliding down the incline with velocity v = 3 mv”, 


10. 


Total kinetic energy of the ring rolling down | 


the incline with velocity Vem 


La SM AD 
= —MVon +— IM 
2 2 


1 v 
Thus, mv2, = =mv* or Vem =—= 
2 V2 


(c) : In the first case, as v= 0; 
According to work-energy theorem 
0-~ mv? =-Fxl or im? =F 


In the second case, 


or vf -Žv m1005) ms? 
2 2 
(a): 


Moment of inertia of a sphere, 


2 
I==mr’ 
5 
w= 2nv rad s! 


fo 12 
Kinetic energy = 5 To 


1.2 4 
=—x<mr* x (2mv)* == mrr v? 
2: > 5 


Half of this ae is converted into heat. 


AQ =- 5X5 5 f mra? = mnra? (i) 
Specific heat, s = 1 AQ 
m AT 
AQ Z mire 
or AT=—~= (Using (i)) 
ms ms 
223 
AT= 2n r V 
5s 
(b): Here, v = 45 Hz, M=3.5 x 10° kg 
Li ieni mass 
inear mass density, = length 
= 4.0 x 10? kg m” 


M_ 35x10 7 


u 40x10? 8 


11. 


12. 


13. 


As Nagel a kel i 
2 8 4 
The speed of the transverse wave is 
v=vh=45x ms =79ms 
D 
(c) : For bright fringes, x = g2 
where n = 0, 1, 2, 3, 


(2n-1)AD 
For dark fringes, x = < 
where n = 1, 2, 3, ....... 
As per question 
9AD 3AD 
a =75x10° 
d 2d m 
15AD 


-3 
t ——=75Xx10 ~ m 
2d 


2x7.5x10° mxd 
15D 
Substituting the given values, we get 
_2x7.5x10° mx0.5x107° m 
7 15x1m 
= 0.5 x 107f m = 5000 Å 
(d): From graph, for v = 10” Hz, 
Kmax=3 eV =3x1.6x107!°]J 
According to Einstein’s photoelectric equation 
Kmax = hv - hvo 


r A= 


E -o-an o5- 3x1.6x107!? 
h 6.63x107°t 
= (10 - 7.2) x 10!4 
=2.8x 10! Hz 


(b): For horizontal motion, x = ucos0t 
so, 30 = u cos 45°t = a4 (i) 


v2 


For vertical downward motion, 
1 
y=—usin 45° +> gt? 
ot 15=—“ prix 
J 2 
or 15=-30+5f 
or t=3s (Using (i)) 
aei -3042 =10V2 ms 
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14. (a) : On the surface of earth, the force on a mass 
of 1 kg is 
F= GMm = GM x1 _ 
R? R? 
When the mean orbital radius of the satellite, 
r = 3R/2, the force on the satellite is 
_GMmw _GMXx100 
°?  GR2PR 
_10x4x100 
9 
15. (c) : Here, P = 1.2 x 107 mm of Hg 
P=1.2 x 107 x 10° x (13.6 x 10°) x 10 N m° 
=1.2 x 13.6 x 10 N m° 
V = 100 cm? = 100 x 10° m° 


10 (i) 


F 


C7 m = 100 kg) 


=4.44x10? N (Using (i)) 


T =27°C = 300K 
From ideal gas equation, number of moles, 
PV 
n= — 
RT 
_(1.2x13.6x106)x (100x106) 
8.31x300 
=0.65 x 10° 


Number of molecules = nNq 
= 0.65 x 107 x 6.023 x 10” 


=4x 10! 
16. (d): Maximum value of efficiency 
T, 
n=1-2-1-20_2 
T, 500 5 
As = x 
Q 


W=nQ,= =%1000 cal 


= 400 x 4.2 J = 1680 J 
As no engine can produce more than 1680 J, 
designs A and B are not possible. 
17. (d): Density of water, pẹ, = 1 g cc” 
Density of liquid, p; 
= specific gravity of liquid x density of water 
=1.5x1=1.5gcc. 
Tf V is the volume of the body, then 
Weight of body in water = Weight of body in air 
- Upthrust of liquid 
40g = 50g - V X Py Xg 
or V=50-40 =10cc 


1 
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Weight of body in liquid = weight of body in air 


- upthrust of liquid 
= 50g - Vp g = (50 - 10 x 1.5)g 
= 35g 
It will weigh 35 g. 
18. (a): Here, U} = Qa) »U, a 
Aner AmE,(r/2) 
—q)|1 2 
v-v,- Aft 2] 
4m&y Lr r 
aa -9 wi) 
Anegr 


When negative charge travels first half of 

distance, i.e., 1/4, potential energy of the 

system 

-QU =a 4 
4n€)(3r/4) 4nepr 3 


Work done = U, - U3 
-Q9 , a „4 
4meyr 4neor 3 
= Q4 sgt 22 Say 
4neyr 3 3 
19. (a): Here, A = 10 cm? = 10 x 104 m? = 107° m? 
l=20 cm = 0.2 m, N; = 300, N, = 400 
N, N,A 
m= ; 2 
_ (4nx107”)x300x 40010 


3 


0.2 
= 2.4n x 10*H 
20. (a): Here, l = Ny2mr, = N22mrz ~. Niri = Nara 

n M 

n Ni 
NI B; Nj 1/21, 
As, B Po % 1 Pot 
2r `° B, WN pI/2ry 


oN on (M (i 
Na 4 N, 2 1 


21. (b): When lens is in air, then 


fe ) i i 
=| => -1 |x-=— 
1.33 5 40 


or f’=40cm 


n 
22. (d): As x-(3) 
N \2 


0 
J-i 
2) 1600 16 \2 
or n=4 
From t =n p= tetsz 
n 4 


At t=6s, pens 
2 


xf 
No 
No _ 16 


N=—2=—— 
8 8 


Q 
© 


1 


= 200 counts s~ 


a 0.9 
23. (a): As B=—— = =9 
(a) B l-a 1-0.9 
Ic=ßIg=9x2puA=18uA 


3 3 
24. (d): As sini, = -=== = — 
y3 +4 5 
sl 
sini, 3 Anes 


(as i, is the angle which 

the ray from the coin E 

makes with 4 cm side) 
c 


As b=— 


“I 8 iI 
3x1 7 £ 
ae ne yig 
u (5/3) 


25. (c) : For dispersion without deviation 
5, + 5, = 0, i.e., 6, = -8) 
(u - 1)A; = -(m - 1)AQ 


26. 


27. 


28. 


29. 


30. 


Here, y = 1.54, ų = 1.72, A, = 4° 

(1.54 - 1)4° = -(1.72 - 1)A, 

453 
Hence, angle of prism P, is 3°. Negative sign 
shows that prism P, is inverted with respect to 
prism P}. 
(d): For He* ion, E, = ŻE (2)eV 


n 
n 
(after removal of an electron from He atom) 
13.6x4 


E,=- 3 eV =-54.4 eV 
1 


Thus, energy required to remove the second 
electron = 54.4 eV 
~. Total energy required to remove both the 
electrons 

= 24.6 eV + 54.4 eV = 79.0 eV 
(a) : Here, B = 49, AIg = 5.0 pA 

Alc = BAIp = 49 x 5.0 pA = 245 pA 

Alp = Alp + Alc = 5.0 pA + 245 WA = 250 pA 


2 
(b): As Rmax = =(jme (2) 
g \2 mg 


1 1 
But —mu? =—kx? 
2 2 


Fo =(3H Ga 


_ 600(5 x107)? 


= 5 =10.0 m 
15x10” x10 


900 x 1000 

(c) : Here, v= 900 km h! = ———~——— 
60x60 

=250 m s”; 


g=9.8 m s? 
2 


: mv 
For apparent weightlessness, —— = mg 


v? _ 250x250 


g 9.8 
(d): If F is the force of friction, then torque 
produced by friction is, 


or r= = 6377.5 m=6.4 km 


mg sin® 
mg 
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1 1 1 
Fxr=lo=—mr?a=—mr(ra) =—mra 
2 2 2 


1 
(- I = 5m and a= ra) 


F=-ma 
2 
Hit aS gsin® _ gsin30 =E 
14+K2/R2  1+1⁄2 3 
1 
Re masen ee 
2 3 6 


31. (d): Energy required to raise the satellite to a 
height h from surface of earth 


E=- GMm -(-2*)- GMmh 
1 (R+h) R ) R(R+h) 
Kinetic energy of satellite, 
1 9241 GM Gm 
E, =-mv; =-m "y = 
2 2 ° 2 (R+h) |: Yo E5) 
Z _ 2k 
E, R 
3 
32. (b): As, T=2n, | B+P 
MG 
T? _(R+h)? 0 
An? MG 
r . GM 
Centripetal acceleration, a= 
š (R+h}? 
(R+hy 1 
or =- 
GM a 
T2 
or (R+h)=—- xa [Using (i)] 
4n? 
= (5.26 x 10°/2m)* x 9.32 


= 6.54 x 10°m 
h =6.54x 10°-R 

= 6.54 x 10° - 6.37 x 10° 

= 0.17 x 10°m 

=170km 
(b): Given : x = 4 sinat + 3 sin (wt + 7/3) 
Comparing it with the equation 

x =r, sinwt + r sin (wt + 6) 

we have, rı = 4 cm, r3 = 3 cm and 6 = 7/3 
The amplitude of combination is 


r= rf? +2 +2 cos 


= V42 43? 42%4x3xcosn/3 


33. 
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34. 


35. 


36. 


37. 


= 37 =6cm 
(d): P = 4.5 x 10° Pa, AO = 800 KJ 
V, = 0.5 m3, V, =2 m? 
AW = P(V> - V1) = 4.5 x 10° (2 - 0.5) 
= 6.75 x 10°J 

Change in internal energy 
AU = AQ - AW = 800 x 10° - 6.75 x 10° 

=1.25x10°J 
(c): There are five beats between A and B, 
therefore, the possible frequencies of A are 

512 + 5 = (517 or 507) Hz. 
When one prong of A is filed its frequency 
becomes greater than the original frequency. 
If we assume that the original frequency of A 
is 517 Hz, then on filing its frequency will be 
greater than 517 Hz. The beats between A and B 
will be more than 5. As it is given that the beats 
are increasing so it is only possible if frequency 
of A is 517 Hz. 


(c) : The current distribution in a circuit is as 
shown in the figure. 

G 

2A 1A 

4A 
A ONN 
2A 
3V 2A 
12 
H 3A 


Let Vg and Vj be the potentials at points G and 
H respectively. 

= Ve—-(2A)(4Q) +3 V-(2 A)(2Q) + (2A) (1Q)= Vy 
or % -8V+3V-4V+2V=V,, 

or V -Vg =7 V 


(b): Here, both capacitors are in series 


313 
Ga a. 2 

2 

or GESE 


Q=C,V =2x12=8 C 


So, potential difference across the capacitor of 
2 Fis 


8 
vi -Q 8i v 
G2 


38. 


39. 


40. 


4l. 


(b): The air pushed down by the wings of 
the parrot while flying will go out of the wire 
cage. Due to which the weight of wire cage will 
decrease. 

(b): Here, v = 50 Hz, R=3 Q 

L = 25.48 mH = 25.48 x 10° H 

C=796 uF = 796 x 10°°F 


X, = 2nvL 
=2x 3.14 x 50 x 25.48 x 10° =8 Q 
Xe 1 1 


200C 2x%x3.14Xx50Xx796 x10 ° 
=4Q 


*. Impedance of the circuit is 


z= |R +(X, -Xc = Jo? +(8-4}? =5Q 


(b): Total average energy density of electro- 
magnetic wave is 


2 
<u> =- € Ens + 2m Bii 
1 2 1 E? 
rms N E — “rms 
3 foFtms Mo 2 ( Brms = ) 


2 1 22 1 
=> 0 Etms +>— ErmsEobo | c=- 
2 2H VHoEo 
ate E? tte E2 as =EgEe 
"9 0“rms 2 0~7rms ~ ©0"rms 


= (8.85 x 107!) x (720)? 
= 4.58 x 1076 J m° 


(c): 
Pot- ? 
p | ; 
| nif pees B: rA ; 
on) a 
—>yv 
As work done, W = PAV 
Wap = -Po Vo 
Wgc=0 
Wen = 4PoVo 


Hence, W4gcp = Wag + Wact+ Wcp 
= -Po Vo + 0 + 4Po Vo = 3Po Vo 


42. 


43. 


45. 


(b): Let resistance of bulb filament at 0°C be 
Rọ and at a temperature 0°C its value be 200 Q. 
Then, from R; = Ro(1 + at), we get, 
100 = Ry(1 + & x 100) = Ro(1 + 0.005 x 100) 

= Ro(1.5) a4) 
and 200 = Ro(1 + a x 0) = Ro(1 + 0.005 x 8) 

= Ro(1 + 0.0050) ...(ii) 

Dividing eq. (ii) by eq. (i), we get 


1+0. 
ja 0.0050 


__ Hol 
BE 2n(d +x) 
Due to second wire 
Hol 
2m(d— x) 
Both the magnetic fields act in opposite 
directions. 


I 
p=B, -8 = M0] Lood | 


2n Ld-x d+x 
=f dee ee Mo lx 
an -x n(d? — x?) 


' (d): Here, u = 0, g = 10 ms’, t = 0.2 s 


As the lift is descending with a = 12 m s* 
effective acceleration, a’ = g - a = 10 - 12 
=-2ms” (upwards) 
1 
From, s=ut t a't 
} 


1 
s=0 ia (—2)(0.2)" = -0.04 m 


(c):From horizontal position to lowest 
position, height through which the bob falls = / 
=lm 


~. At lowest position, v =,/2lg 


1 
K.E. at lowest position = 5 mv? 


= ; m(2lg) = mlg 


=10 x 1 x 9.8 =98). 
an 
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1. 


Thought 


Provoking 


A conductor carries a current I parallel to a 
current strip of current per unit width j and width 
w, as shown in figure. Find an expression for the 
force per unit length on the conductor. Discuss 
the result when the width w approaches infinity. 


A battery is connected between two points 
A and B on the circumference of a uniform 
conducting ring of radius r and resistance R as 
shown in figure. One of the arc AB of the ring 
subtends angle 0 at the centre. Show that the 
magnetic field at the centre of the coil is zero 
and independent of 0. 


A ring of radius R having uniformly distributed 
charge Q is mounted on a rod suspended by 
two identical strings. The tension in strings in 


A/O 


By : Prof. Rajinder Singh Randhawa* 


equilibrium is Ty. Now a vertical magnetic field 
is switched on and the ring is rotated at constant 
angular velocity œ. Find the maximum @ with 
which the ring can be rotated if the strings can 


3T 
withstand a maximum tension of S 


E E 


A rectangular loop PQRS made from a uniform 
wire has length a width b and mass m. It is free 
to rotate about the arm PQ, which remains 
hinged along a horizontal line taken as the 
Y-axis (see figure). Take the vertically upward 
direction as the Z-axis. A uniform magnetic 
field B=(37+ 4k)By exists in the region. The 
loop is held in the X-Y plane and a current 
Tis passed through it. The loop is now released 
and is found to stay in the horizontal position 
in equilibrium. 
Zz 


x S R 


*Randhawa Institute of Physics, S.C.O. 208, First Fl., Sector-36D & S.C.O. 38, Second Fl., Sector-20C, Chandigarh 
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(a) What is the direction of the current I in PQ? 

(b) Find the magnetic force on the arm RS. 

(c) Find the expression for I in terms of Bo, 
a, band m. 


1. Consider a small thickness dx, carrying current 
jdx. The attractive force per unit length is 
dF _ ol (jdx) 
L 2nr 


A symmetrical segment at -x exerts force of 
same magnitude, the x-components cancel and 
the resultant force per unit length is 


I(jd: Ijdx 
dF UlG w) 088 Bolji h 


L 2nr “anf + x2 poe 


Integrating over half width of strip, 


Ih"? 
F „Voh 2f dx 


2 
The force is attractive as expected for parallel 
currents. 


2. Magnetic field at the centre of ring due to an 
arc is 


‘Or 2m 
Magnetic field due 
to smaller arc is 


z Moh 9 7 
B =—— x— (-k 
I oe m 
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Magnetic field due to larger arc is 


= st (Qn-8) 


Resultant magnetic field is 


= I I,(2n-0 
By =| -148 18., Done) 2(2n fy 
4nr 4nr 


a) 


Two arcs form a parallel combination of 
resistors 

IR; = LR3, where R; and R, are resistances 
of respective segments. As the wire is uniform, 


R _ -u rð _bh_ 8 

R L, rQ2n-0) ` I (2n-8) 
1,0 

L= 1 „üi 

25 On) (ii) 


Putting (ii) in (i), we get 


= I I 
Bp acing 
4nr Anr 


Hence the: field is independent of 8. 
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4. (a): Torque due to weight of coil 


ty = (: i) Cmgk)=mg5 Q) 


For the equilibrium of loop, torque on it must 
OBQR? be along negative Y-axis. 


3. In equilibrium, 2T) = mg or Ty = A w0) 
Magnetic moment, M = IA = (22) (nR?) 
T 


t= MBsin90° = 


A o 
ei 1 a 1 te Let the magnetic moment of loop be Mk 
For translational equilibrium of ring in vertical “Torque due to magnetic force, 
direction, Tı + T3 = mg + (ii) ip =MxB=Mkx(3}+4h)By =3MBy } 
For rotational equilibrium, 
2 aii A 
m-p2=r OE mot | TH 3Nab Bo) 

OBQR? 7 If Tg is to be in negative direction, M must 
or -= D Gii) point downward. So the current in the coil 
Solving (ii) and (iii), we get must be from P to Q. 

2 (b) Force acting on arm RS 
T= mg @BQR a ee 4 
e D =I (Ïx B)=I[(-bj) x (31+ 4k)By] 
As T; > T, and maximum value of T, can be = [Byb(3k 43) 
3Tp 
2” (c) In equilibrium, 
we have, ty +t, =0 
3T, ©... BQR i 
=F T D (Using (i)) <- 3 abIB) = mgs 
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CS RE 


CONCEPTon 


Heat Dissipation In Capacitive Circuits 


In the following topic, we discuss the energy lossin | 


charging/discharging of a capacitor qualitatively as 
well as quantitatively in detail. 

We take a charged capacitor of capacitance C with 
initial charge Q, and connect it to a cell of emf ¢ and 
resistance R in series. 

For a case study, we take £ such that Ce > Qi 

where Ce = Final steady state charge on capacitor 


= a (say). 
1 -Qı +Q -Q 


(Q> Sa) 

Therefore charge flown through the battery is, 

Ag=Q.-Q 

Work done by the battery is 

Wop = Age = (Q3 - Qe 

= (@-a(%) (i 

During the transient duration (time in which 
the charge on capacitor changes). Let q be the 


instantaneous charge on the capacitor at any general 
time t (> 0), then 


eee ee) 


Cc 
o] — 
+4 -4 
In a short duration dt, let dq amount of charge 


flows further across the terminals of the capacitor, 
therefore work done on capacitor which gets 


stored in the form of electrostatic field energy (also 
known as electrostatic potential energy) inside the 
capacitor is 


dw. is the 


on capacitor 


=dU= a|; where 4 
dU aa( 2) c 


instantaneous potential difference across the 
terminals of capacitor. 
Change in potential energy of the capacitor, 


Q 
1 
anwe gA =>- 


=|% -Q a-a) Q+ „(ü 
C 2 


Clearly, Wp, # AU 
rather, Wp, > AU. 
So, what happened to the extra amount of the work 
done by the battery? 
Now, we obviously understand that R is a resistor 
across which heat would be generated. Hence they 
are different. 

Heat generated, 


[From (i) and (ii)] 


H=W,y, -AU 
_ Q (Q Q, - Q)) (Qi +Q) 
=(Q@ - QW T 3 
Q ae 
Ee 


where Q, - Q; = change in charge on the capacitor 
plate. 
_ (Aa 


a (iii) 


Contributed By: Bishwajit Barnwal, Aakash Institute, Kolkata 
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where Aq = Q2- Qı 

Now, the interesting question that would arise is, if 
we replace the conductor along with resistor by a 
superconducting i.e., resistanceless wire, won't any 
energy loss take place in such case? 

The answer lies below. 

The amazing thing is that the result obtained for 
heat loss has nothing to do with the resistance of 
the conducting wires since at steady state, in any 
case, current does not flow across the terminals of 
the capacitor, hence the potential difference across 
the capacitor would still be equal to the emf of the 
cell, irrespective of the value of R. 

So, how do we explain this energy loss now? 

The possibilities of this energy loss is discussed 
below. 


1. The electrons that are pulled from one plate 
of the capacitor to the other by the cell are 
accelerated in its due course of motion along 
the length of wire. As accelerated charges emit 
electromagnetic radiations, this is one possible 
source of loss. 


2. The electrons that are accelerated, when they 
reach the other plate of the capacitor, which 
is fixed, undergo perfectly inelastic collision, 
since they are deposited and become bound 
charges there. This perfectly inelastic collision 
is a major source of energy loss. 

So, can we conclude that whenever there is a change 

in charge on the capacitor, energy would be lost? 

No ! we cannot !! 

Consider the situation where a capacitor with a 

dielectric slab is connected to a cell and now the 

slab is being pulled out quasi-statically (slowly). 


i 


Since the process is slow, change in charge is at a 
very slow rate, i.e., instantaneous current is zero at 


all instants. Hence the charges are not accelerated 
at all. Hence, no radiation or loss of energy in 
collision ! 


Though result for loss of energy (heat); 
2 

yah? 

2C 


has been derived for a single capacitor, it is 
equally valid for multiple capacitors circuit 
where the total loss of energy is 


(Ag) , (Ago) 


[From equation (iii)] 


H= Bis 
2C; 2C, 
n 2 
= H= (Agi) 
imi 2G; 


where Aq; = change in charge on the i 
capacitor of capacitance Cj. 


APPLICATIONS 


1. Two parallel plates having charges - 20 uC and 
+ 80 uC are connected to a cell of emf 6 V as 
shown. 


-20 uC +80 uC 
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The capacitance of the parallel plate capacitor 
is 10 uF. Find heat generated till steady state is 
attained. 
Sol. The charge distribution on the four faces of the 
two plates, before and after closing the switch 


are: 
C=10uF 
+30 uC} Q QI +30 wc +30 uC |S +30 uC 
Sy g g 
MEE a7 
6V 6V 
Before After 


Charge flown (change in charge on the 
capacitor), 


Aq = (60 - (-50)) uC = 110 uC 


. Heat generated, 
? 110x110 
a Ag? 10x10 _ os w 
2C 2x10 


2. In the following diagram, find the heat 
dissipated after closing the switch. 


CG=3pF 20V 


10V C)= 6 pF 


Sol. Before closing the switch, the capacitors Cı 
and C; are in series connected across a net emf 
of Eoop = 20 - 10 = 10 V. 


Charge on each capacitor is 


After closing, 


C, = 3 uF 


jM 


C= 6uF 


Clearly, now potential difference across Cı is 
10 V and across C, is 20 V, hence final charges 
on them, respectively are 


Qı =3x 10=30 uC 
Q2 = 20 x 6 = 120 uC 


a G 

mitia —| k —] — 
c © 

rial. —al a a Fe 


Change in charge on both capacitors are, 


Agi = Qi - (-q1) = Qi + qı = 50 uC 
Aq = Q - q2 = 100 uC 
Heat generated, 
y- On? , Can)” _ (oF , 00) y 
2C, 2C, 2x3 2x6 
= 1250 WJ 
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YQU ASKED 
WE ANSWERED 


Do you have a question that you just can’t get answered? 
Use the vast expertise of our mtg team to get to the bottom 
of the question. From the serious to the silly, the controversial 
to the trivial, the team will tackle the questions, easy and 
tough. 

The best questions and their solutions will be printed in this 
column each month. 


Q1. 


Ans. 


In Judo, a weaker and smaller fighter who 
understands physics can defeat a stronger 
and larger fighter who does not. This fact is 
demonstrated by the basic “hip throw”, in 
which a fighter rotates the fighter opponent 
around his hip and if the throw is successful 
on to the mat. Without the proper use of 
physics, the throw requires considerable 
strength and can easily fail. What is the 
advantage offered by physics? 

- Samyajyoti Das, Tripura 


This is a question for a judo master. Judo 
is a martial art that demand an intuitive 
understanding of the physics of force, 
torques, stability and rotational motion. The 
grace that each throw requires is not easily 
conveyed, by each throw can be broken into 
components that can be examined in terms 
of classical physics. In judo the main goal is 
to overcome your opponent's stability. The 
skill lies in the anticipation of his movements 
and the timing of your response. The idea 
is to avoid forcing your opponents into a 
firm resistance to your throw that would pit 
your strength against his. A small but skilled 
judo player has a distinct advantage over a 
larger but unskilled opponent if the contest 
of strength is avoided. Probably the best 
example of this advantage is the basic hip 
throw, which is most effective against a taller 
and slower opponent. In the normal judo 
competition you face your opponent with 
your hands grasping the lapels or shoulders 
of his uniform. To execute the throw your 
step forward with your right foot to a point 


Q2. 


in between his feet, pulling him downward 
and toward your right. The throw works well 
if you have caught your opponent just as he 
has stepped forward with his right foot. He is 
still stable against a pull directly toward you, 
but is considerably less stable against a pull to 
your right because of the position of his feet. 
During your step forward you curve your 
body forward so that your head is at your 
opponent’s shoulder level. Next you rapidly 
turn your left hip backward while pulling him 
into your right hip. This shoulder be the first 
body contact during the movement. If you 
continue the pull with your hands and turn to 
rear with your left hip until you are facing in 
the same direction as your opponent, he will 
be rotated over your right hip and into the 
mat. Please never try to practise anything like 
this unless your master teaches you and also 
only in his presence initially. 
If outside on a dark night in the middle to 
high latitudes, one might be able to see an 
aurora. It may be several hundred kilometers 
high and several thousand kilometers long, 
stretching around Earth in an arc. However, 
it is less than 1 km thick. What produces this 
huge display and what makes it so thin? 

- Samyajyoti Das, Tripura 


. The aurora borealis (the Northern Lights) 


occur when highly charged electrons from 
the solar wind interact with elements in the 
earth’s atmosphere. Solar winds stream away 
from the sun at speeds of about 1 million miles 
per hour. When they reach the earth, some 
40 hours after leaving the sun, they follow the 
lines of magnetic force generated by the earth’s 
core and flow through the magnetosphere, 
a teardrop-shaped area of highly charged 
electrical and magnetic fields. 

As the electrons enter the earths upper 
atmosphere, they will encounter atoms 
of oxygen and nitrogen at altitudes from 
20 to 200 miles above the earth’s surface. The 
color of the aurora depends on which atom is 
struck, and altitude of the meeting. 

The thickness of the aurora borealis depend 
on the thickness of the ionosphere. 
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Q3. 


Ans. 


Q4. 


Ans. 


Q5. 


Ans. 
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Why is light dispersed by glass prism and not 
by parallel sided glass slab and light is laterally 
displaced by glass slab and not by prism? 

- Santanu Chatterjee (WB) 


A glass slab consists of two prisms. 


Original 4 


Lateral displacement 
direction 


The rays make the same angle i but takes a 
parallel path 

In physics various physical quantities are 
often represented by the same symbol, like 
c for speed of light as well as for specific 
heat capacity, theta for temperature as well 
as angular displacement. Why is it so? Is 
this a flaw? - Santanu Chatterjee (WB) 
My great-grand father, myself and God 
Krishna share the same name. But you should 
know from the context that I have written this 
answer. If you had asked God he would have 
given a better answer. One will understand 
from the context the meaning of the symbol 
by practice. 

Under what condition no ray emerges out 
of the prism? - Shibasish Paul (Assam) 
When there is total internal reflection. 

(i) Usual reflection and refraction 


air 


glass 


Refractive index of glass with respect to air is 
_ sini (air) 
2 sinr (glass) 
u is greater than one, 1.5 or 1.3 for example 


sini>sinr 
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Q6. 


Ans. 


Q7. 


Ans. 


1 
sinC 
For critical angle i,,, = 90° 
for any ray incident from denser to rarer 


Hg =— ifi (air) 290° 


; ‘ 1. 
medium, ray from glass to air, g EET is 
sin 


the condition for total internal reflection. 


(This is used in periscopes because of clarity 
of images) 

If the angle of incidence in the denser 
medium 2 C, the critical angle, the angle of 
refraction in air will be zero between the 
normal and the surfaces. 


Which particle is negatively charged? 


(a) Electron (b) Proton 
(c) Neutron (d) None of these 
- Suhail 
Particle Symbol | 
Electron e | 
Proton p | 
Neutron n° 


Neutron has no charge, so one can just 
write n. 


What is the reason for only odd number of 
images being formed during reflection in 


plane mirror? - Pramod Rao 


What you are asking is the formation of 
images when two plane mirrors are kept at an 
angle to each other. Every image will produce 
its own image and finally when you find the 
last one coincides with another, then you 
stop. This causes the number to be odd (Find 
out using a problem). 

Attention : If the mirrors are parallel, you get 
theoretically infinity. But beyond a certain 
number, even if the mirrors are very good, 


the images start fading. 
ae 
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CHAPTERWISE PRACTICE PAPER 


Magnetic Effects 
of Current and 
Magnetism 


GENERAL INSTRUCTIONS 


All questions are compulsory. 


There are 30 questions in total. Questions Nos. 1 to 8 are very short answer type questions and carry one 


mark each. 


Questions Nos. 9 to 18 carry two marks each. Questions Nos. 19 to 27 carry three marks each and questions 


Nos. 28 to 30 carry five marks each. 
One of the questions carrying three marks weightage is value based question. 

There is no overall choice. However, an internal choice has been provided in one question of two marks, 
one question of three marks and all three questions of five marks each weightage. You have to attempt only 
one of the choices in such questions. 
Use of calculators is not permitted. However, you may use log tables if necessary. 


Howis the magnetic field inside a given solenoid 
made strong? 


Which physical quantity has the unit Wb m7? 
Is it a scalar or a vector quantity? 


A certain electric motor wires carry a current 
of 5 A perpendicular to magnetic field of 0.8 T. 
What is the force on each cm of the wires? 


A current is set up in a long copper pipe. 
Is there a magnetic field : (a) inside (b) outside 
the pipe? 

How does the intensity of magnetisation of 
paramagnetic material vary with increasing 
applied magnetic field? 


A magnetic dipole is situated in the direction of 
a magnetic field. What is its potential energy? 
If it is rotated by 180°, then what amount of 
work will be done? 


A narrow beam of protons and deuterons, each 
having the same momentum, enters a region of 
uniform magnetic field directed perpendicular 
to their direction of momentum. What would be 
the ratio of the radii of circular path described 
by them? 


10. 


11. 


12. 


A voltmeter, an ammeter and a resistance are 
connected in series with a lead accumulator. The 
voltmeter gives some deflection but the deflection 
of ammeter is almost zero. Explain why? 


A charged particle is moving on a circular path 
of radius R in uniform magnetic field under the 
Lorentz force F. How much work is done by the 
force in one round? Is the momentum of the 
particle is changing ? 


Write the relation for the force F acting on 
a charge q moving with a velocity v through 
a magnetic field B in vector notation. 
Using this relation, deduce the conditions 
under which this force will be (i) maximum 
(ii) minimum. 

A current carrying circular loop is located in 
a uniform external magnetic field. If the loop 
is free to turn, what is its orientation of stable 
equilibrium? Show that in this orientation, 
the flux of the total field (external field + field 
produced by the loop) is maximum. 


Magnetic field at the centre of a circular loop 
of area A carrying current I is B. What is the 
magnetic moment of this loop? 
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13. 


14. 


15. 


16. 


17. 


18. 


28 


A current of one ampere is passed through 
a straight wire of length 2 m. Find the 
magnetic field at a point in air at a distance 
3 m from one end of wire but lying on the axis 
of the wire. 


A loop of irregular shape carrying current is 
located in an external magnetic field. If the 
wire is flexible, why does it change to circular 
shape? 

A closely wound solenoid 80 cm long has 
5 layers of windings of 400 turns each. The 
diameter of the solenoid is 1.8 cm. If the current 
is 8 A. Estimate the magnitude of B inside the 
solenoid near its centre. 


Describe the motion of a charged particle in a 
cyclotron ifthe frequency ofthe radio frequency 
field were doubled. 


OR 


A long straight wire carrying current of 25 A 
rests on a table as shown in figure. Another 
wire PQ of length 1 m, mass 2.5 g carries the 
same current but in the opposite direction. 
The wire PQ is free to slide up and down. 
To what height will PQ rise? 


l 
7Q 


h 
h 


An iron bar magnet is heated to 1000°C and 
then cooled in a magnetic field free space. Will 
it retain magnetism? 


A closely wound solenoid of 2000 turns and 
area of cross section 1.6 x 104 m°, carrying a 
current of 4 A is suspended through its centre 
allowing it to turn in a horizontal plane. 

(a) What is the magnetic moment associated 
with the solenoid? 

(b) What are the force and torque on the 
solenoid if a uniform horizontal magnetic field 
of 7.5 x 10°? T is set up at an angle of 30° with 
the axis of the solenoid? 
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| 19. 


20. 


21. 


A toroid has a core (non ferromagnetic material) 
of inner radius 25 cm and outer radius 26 cm 
around which 3500 turns of wire are wound. 
If the current in the wire is 11 A, what is the 
magnetic field (a) outside the toroid (b) inside 
the core of the toroid (c) in the empty space 
surrounded by the toroid? 


On a field Rohit and Varun along with their 
friends were playing football. Suddenly, a 
player kicked out the ball outside the field and 
the ball reached an electric power substation. 
One of the players was planning to go and bring 
back the ball to the field but, Rohit and Varun 
stopped him, saying that it is dangerous to go 
to the substation as warmed up body can be 
caught by the strong magnetic field, which is 
created by high voltage current in conductors 
of the switchyard and that may result in death. 
(a) Rohit and Varun are the student of class 12. 
Consider yourself as this friend and give your 
opinion about them. 

(b) There is conductor of length L in the 
magnetic field B, current I flows through 
the conductor. Find the force acting on the 
conductor (| B | = constant). 


A circular coil of 16 turns and radius 10 cm 
carrying current of 0.75 A rests with its plane 
normal to an external field of magnitude 
5 x 10 T. The coil is free to turn about an axis 
in its plane perpendicular to the field direction. 
When the coil is turned slightly and released, 
it oscillates about its stable equilibrium with 
a frequency of 2 s'. What is the moment of 
inertia of the coil about its axis of rotation? 


OR 


How can a moving coil galvanometer be 
converted into an ammeter? To increase 
the current sensitivity of a moving coil 
galvanometer by 50% its resistance is increased 
so that the new resistance becomes twice its 
initial resistance. By what factor does its voltage 
sensitivity change? 


Draw the field lines due to an external magnetic 
field near a (i) diamagnetic, (ii) paramagnetic 
substances. 


OR 


State Ampere’s circuital law. Using this law 
derive an expression for the magnetic field 
along the axis of an air-cored solenoid. 


SOLUTIONS 


1. 


Magnetic field inside a given solenoid can be 
made strong by inserting laminated iron core 
inside the solenoid. 

Wb mis the SI unit of magnetic field intensity 
B. It is a vector quantity. 

Here, I = 5 A, B = 0.8 T, l= 1 cm = 0.01 m 
Thus, F = IIB = (5 x 0.01 x 0.8) N = 0.04 N 


According to Ampere’s circuital law, 
$B-dl = uI 
where I is the current enclosed with the loop. 


If r is distance of the point from the centre of 
the pipe, 


(a) Binside = 0, as I= 0 
1 

(b)  Boutside © =, as 1#0 
r 


For low values of B, the intensity of 
magnetisation increases proportionally with 
B. For sufficiently high values of B, when 
all the atomic magnetic dipoles get aligned 
with B, intensity of magnetisation becomes 
independent of B. 


Potential energy of dipole = -MBcos 0° = -MB 
Work done = MB(cos0° — cos180°) 

= MB(1 + 1) 

= 2MB 
For given momentum of charged particle, 
radius of circular path depends on charge and 
magnetic field as 
mw Spe 
qB qB 


r= 


For given momentum, 
STF] 


Tproton * “deuteron 
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8. 


10. 


11. 


12. 


Voltmeter resistance being very high, when 
connected in series, it makes the effective 
resistance of the circuit very high. Due to it, 
the current in the circuit becomes extremely 
small. Since ammeter measures the current, 
hence the deflection of ammeter is almost zero. 
As voltmeter measures potential difference 
between the two points, it will show the reading 
due to voltage of the lead accumulator. 


When a charged particle is moving on a 
circular path in a uniform magnetic field, the 
angle between force F due to magnetic field 
and small displacement dř is 90°. So work 
done, dW =F.dF =F drcos90°=0. Since the 
velocity of the particle is tangent to the circular 
path at a point, hence velocity or momentum is 
changing during circular motion. 

F=q(¥xB) or |F|=q|7xB|=qvBsinð 

(i) F will be maximum, when sin = 1 or 
© = 90°, i.e. the charged particle is moving 
perpendicular to the direction of magnetic 
field. 

(ii) F will be minimum, when sin@ = 0 or 
8 =0° or 180° i.e., the charged particle is moving 
parallel to the direction of magnetic field. 

The current carrying circular loop behaves as 
a magnetic dipole of magnetic moment M 
acting perpendicular to its plane. The torque on 
the current loop of magnetic dipole moment M 
in the magnetic field B is 

t= MB sin a= IAB sina (C: M= Al) 
where © is the angle between M and B. The 
system will be in stable equilibrium if torque is 
zero, which is so if œ = 0°. This is possible if B 
is parallel to A. ie. Bis perpendicular to the 
plane of the loop. 

In this orientation, the magnetic field produced 
by the loop is in the same direction as that of 
external field, both normal to the plane of loop. 
It is due to this fact, the magnetic flux due to 
total field is maximum. 


Let R be the radius of the circular loop. Then, 
A=TR? or R=VA/1t 


Draw the field lines due to an external magnetic 
field near a (i) diamagnetic, (ii) paramagnetic 
substances. 


OR 


State Ampere’s circuital law. Using this law 
derive an expression for the magnetic field 
along the axis of an air-cored solenoid. 


SOLUTIONS 


1. 


Magnetic field inside a given solenoid can be 
made strong by inserting laminated iron core 
inside the solenoid. 

Wb mis the SI unit of magnetic field intensity 
B. It is a vector quantity. 

Here, I = 5 A, B = 0.8 T, l= 1 cm = 0.01 m 
Thus, F = IIB = (5 x 0.01 x 0.8) N = 0.04 N 


According to Ampere’s circuital law, 
$B-dl = uI 
where I is the current enclosed with the loop. 


If r is distance of the point from the centre of 
the pipe, 


(a) Binside = 0, as I= 0 
1 

(b)  Boutside © =, as 1#0 
r 


For low values of B, the intensity of 
magnetisation increases proportionally with 
B. For sufficiently high values of B, when 
all the atomic magnetic dipoles get aligned 
with B, intensity of magnetisation becomes 
independent of B. 


Potential energy of dipole = -MBcos 0° = -MB 
Work done = MB(cos0° — cos180°) 

= MB(1 +1) 

= 2MB 
For given momentum of charged particle, 
radius of circular path depends on charge and 
magnetic field as 
mv p 


> r=— 
qB qB 


r= 


For given momentum, 
SF] 


Tproton * “deuteron 
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8. 


10. 


11. 


12. 


Voltmeter resistance being very high, when 
connected in series, it makes the effective 
resistance of the circuit very high. Due to it, 
the current in the circuit becomes extremely 
small. Since ammeter measures the current, 
hence the deflection of ammeter is almost zero. 
As voltmeter measures potential difference 
between the two points, it will show the reading 
due to voltage of the lead accumulator. 


When a charged particle is moving on a 
circular path in a uniform magnetic field, the 
angle between force F due to magnetic field 
and small displacement dř is 90°. So work 
done, dW =F.d7 =F drcos90°=0. Since the 
velocity of the particle is tangent to the circular 
path at a point, hence velocity or momentum is 
changing during circular motion. 

F=q(¥xB) or |F|=q|¥xBl-qvBsin® 

(i) F will be maximum, when sin = 1 or 
© = 90°, i.e. the charged particle is moving 
perpendicular to the direction of magnetic 
field. 

(ii) F will be minimum, when sin@ = 0 or 
8 =0° or 180° i.e., the charged particle is moving 
parallel to the direction of magnetic field. 

The current carrying circular loop behaves as 
a magnetic dipole of magnetic moment M 
acting perpendicular to its plane. The torque on 
the current loop of magnetic dipole moment M 
in the magnetic field B is 

t= MB sin a= IAB sina (C: M= AI) 
where œ is the angle between M and B. The 
system will be in stable equilibrium if torque is 
zero, which is so if œ = 0°. This is possible if B 
is parallel to A. ie. Bis perpendicular to the 
plane of the loop. 

In this orientation, the magnetic field produced 
by the loop is in the same direction as that of 
external field, both normal to the plane of loop. 
It is due to this fact, the magnetic flux due to 
total field is maximum. 


Let R be the radius of the circular loop. Then, 
A=TR? or R=VA/1 


13. 


14, 


15. 


16. 


Magnetic field induction at the centre of circular 
loop carrying current I is 
I BR 
puto 2ut = 
4n R Ho 


<. Magnetic moment, M = IA 
2B. 2BA |A 
SER j- ABA A 
Ho Ho VT 
When a point P lies on the axis of wire 
in air, then Id] and 7 for each element 
of the straight wire are parallel. Therefore, 


Idl xF =0, so the magnetic field induction at 
point P is zero. 


A loop of irregular shape carrying current 
when placed in an external magnetic field, 
assumes circular shape with its plane normal 
to the field in order to maximise magnetic flux 
linked with loop, since for a given perimeter, a 
circle encloses maximum area than any other 
shape. 

Here, l = 80 cm = 0.80 m, N = 5 x 400 = 2000, 
I=8A,D=18cm. 

Magnitude of magnetic field induction at a 
point inside the solenoid is 


_MoNI _ 47x107 x 20008 
l 0.80 


B 


=8nx10°T=2.5x10°T 


Time period of revolution of charged particle 
in cyclotron, T = = 


q 
Frequency of revolution, v= 124 
T 2mm 
As frequency of revolution is independent of 
radius and velocity of particle, so the motion of 
charged particle will remain unchanged. 
OR 


Here, I, = 25 A, I, = 25 A, l= 1 m, 
m = 2.5g = 2.5 x 10° kg 


In equilibrium position 
2I 
mg- "021b! 
4n h 


12. 


18. 


19. 


20. 


_ Ho 241 _ 1077 x2x25x25x1 
(2.5x107)x9.8 
=51x10*m=0.51 cm 


h 


4m mg 


Curie temperature of iron is 770°C. 1000°C 
is above the Curie temperature, therefore at 
1000°C iron bar will lose its magnetism. Again 
when cooled in a magnetic field free space it 
will not retain magnetism. 

Here, N= 2000, A = 1.6 x 104 m’,I=4A 

(a) M=NIA = 2000x 4x 1.6 x 10*= 1.28 J T! 
(b) Net force on the solenoid = 0 

Torque, T = MBsinð 


=1.28 x 7.5 x 10°°x i= 48x10? Nm 


Here, rı = 0.25 cm, r, = 0.26 m, N = 3500, 
I=11A 

(a) Outside the toroid, the magnetic field is zero. 

(b) Inside the core of the toroid, the magnetic 

field induction, B = onl, 

where n is the number of turns per unit length 

of toroid = N/I. 

Here, mean length of toroid, 


l= an( 22 +n } 
2 


=(r, + r2) = n(0.25 + 0.26) 


=7x0.51m 
-7 
So, p- HON! _ (47x10) x3500x11 
1 TXx0.51 
=3.02x 10°T 


(c) In the empty space surrounded by toroid, 
the magnetic field is zero. 


(a) Rohitand Varun displayed a knowledgeable 
character having sound technical knowledge 
with an explaining ability to convince other 
even at very young age. So, we can say that both 
of them handled the situation ideally, with there 
presence of mind and helping behaviour. 

(b) Force acting on the conductor in a 
constant magnetic field 

F=ILXB=ILBsin® 
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21. 


22. 


where, 

6 = angle between current element in the 

direction of current and magnetic field. 

L = length of the conductor 

B = magnetic field 

I = current through the conductor in constant 

magnetic field B 

Here, N = 16, r = 10 cm = 0.1 m, I = 0.75 A, 

B=5x10°T, v=2s" 

M=NIA=NInr =16x0.75 xo 
=0.377J T7 


As v=, Me where I is the moment of 
2n\ I 


inertia of the coil. 
4n“ I 
_ MB _0.377x5x10? 
DENA 2 
ATV 
ax(2) x2? 
7 
=1.2x 10kg m? 
OR 


A galvanometer can be converted into an 
ammeter by connecting a small resistance 
(called shunt) in parallel with it. 


50 150 3 
Here, [’ =I, +—Ļ =I, =>], 
S $ 1005 100° 2° 
R'=2R 
Initial voltage sensitivity, V, = 
3 
New voltage sensitivity, V,’ = p 2 = 3y 
TS SRO OR a 


Percentage decrease in voltage sensitivity 


V-W iA 
= x100=|1-— |x100 
V, V, 


s s 


(1-2) x100=25% 


Here, m = 8.4 kg, 0 = 50s, p = 7200 kg m° 
8.4 z 
Volume = == _-1,167x10°m? 
p 7200 
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23. 


24. 


25. 


Energy dissipated in 30 minutes = 3.2 x 10°J 
Energy dissipated per second 
_3.2x104 


= =17.78 Js 
30x60 


Energy dissipated per unit volume per cycle 
17.78 


~ 1167x107 x50 sor hea egde 


Here, u, = 400, I = 2 A, n = 1000 per metre 
G) H=nl=1000x2=2x10?Am™ 
(ii) B= pH = pou, H 
= 4m x 10” x 400 x (2 x 10°) =1.0T 

(iii) The magnetising current I,, is the additional 
current that needs to be passed through the 
windings of the solenoid in the absence of the 
core, which would produce a B value as in the 
presence of the core. 
Thus, B = Ugn(I + Ip) 

1= 4m x 107 x 1000 x (2+ Iņ) 


I 


m= —2=796-2=794 A 
47X10 


According to Biot-Savarťs law, the magnetic 
field due to a small circular current element of 
length Al at centre O is 

_ Up TAlsin 90° 


Ap 2 


4mr 
while the magnetic field due to straight portions 
will be zero (since sin® = 0) 
Total magnetic field at centre O 


I 1 
B= gA r0 (e YAl=10) 
Anr Anr 
_ HolO 
~ 4nr 


Here, r= 0.51 Å = 0.51 x 107° m, 
v=2x10 ms! 
2T: 
Time period T = = 
v 
(a) Electric current 
e e 
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26. 


27. 


34 


pa 16x10" x2x10° 
2x3.14x0.51x101° 


Mol 
b) B=— 
(b) oe 


4nx107 


2x0.51x101° 
B=1.23T 
(c) Magnetic moment M = IA 
= 9.99 x 10° x (T x r°) 
= 9.99 x 10° x 3.14 x 0.51 x 0.51 x 107° 
= 8.16 x 10” A m° 
Here, number of dipoles, n = 2 x 1074 
Magnetic moment of each dipole, 
M =1.5x10” JT! 
Total dipole moment of sample = n x M’ 
=2x10%x 1.5 x 10° =30J T! 
As saturation achieved is 15%, therefore, 
effective dipole moment, 


M, = x30=4.5 J T, 
100 


=9.99 x 107 A 


x9.99x10" 


B, =0.64T, T; =4.2K 
By = 0.98 T, T) =2.8K 
According to Curie’s law, 


Mo _ I HoCH 
m= = I= 
Ng H T 
B 
As Iœ Mand H œ B Me 
M _B T 
M BT 
P a BTM; _0.98x4.2x4.5 
TB, 2.80.64 
M, = 10.34JT"! 


Current sensitivity of a galvanometer is the 
deflection produced in the galvanometer 
when a unit current flows through it. The 
galvanometer is said to be more sensitive, if it 
gives large deflection for small current flowing 
through it. 
S.I. unit of current sensitivity is Art 

radian 

ampere ` 


or 
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30 
(a) (b) 


1.20Q 


Both the arrangements given are of Wheatstone 
bridge which are balanced. Hence 
From figure (a), 
4 6 
R 9 
From figure (b), 


or R,=6Q 


R 
ihe or R=4Q 
12 8 


Roa 


28. Refer point 3.4(2) page no. 159 (MTG Excel in 


Physics). 

OR 
Refer point 3.1(1) page no. 153 and point 
3.1(3 (vi)) page no. 154 (MTG Excel in 
Physics). 


29. (a) Refer point 3.4(5, 6) page no. 160 (MTG 


Excel in Physics). 
(b) Refer point 3.3(9) page no. 158 (MTG 
Excel in Physics). 

OR 
Refer point 3.3(5) page no. 157 (MTG Excel in 
Physics). 


30. Refer point 3.8(8) page no. 164 (MTG Excel in 


Physics). 
OR 
Refer point 3.2(1, 2) page no. 155 (MTG Excel 
in Physics). 
an 


MtG 
Interested in more tests! 


Log on to http://test.pcmbtoday.com 


SOLVED PAPER 2Q1 4 


Maharashtra CET 


In cyclotron, for a given magnet, radius of the 
semicircle traced by positive ion is directly 
proportional to 

(v = velocity of positive ion) 


(a) v? (b) vt (ce) vd) 


A particle at rest is moved alonga straight line by 
a machine giving constant power. The distance 
moved by the particle in time t is proportional 
to 


(a) t2 (b)? (ot (d) 82 


In insulators (C.B. is conduction band and V.B. 
is valence band) 

(a) V.B. is partially filled with electrons. 

(b) C.B. is partially filled with electrons. 

(c) C.B. is empty and V.B. is filled with electrons. 
(d) C.B. is filled with electrons and V.B. is 

empty. 
An object of radius R and mass M is rolling 
horizontally without slipping with speed v. 
It then rolls up the hill to a maximum height 
2 
ha. The moment of inertia of the object is 


(g = acceleration due to gravity) 


(a) ŽmMR? (b) MRE 
5 2 
(c) MR? (d) + MR 


In Wheatstone’s bridge, three resistors P, Q, 
R are connected in three arms in order and 
4th arm s is formed by two resistors sı and sz 
connected in parallel. The condition for bridge 


to be balanced is oe 
Q 


10. 


R(s, +53) S159 
(a) S159 (b) R(s, +59) 
Rss (d) (sı +s2) 
(sı + s2) Rsıs2 


In common base circuit of a transistor, current 
amplification factor is 0.95. Calculate the 
emitter current if base current is 0.2 mA. 

(a) 2mA (b)4mA (c) 6mA (d) 8 mA 


The ratio of magnetic dipole moment of an 
electron of charge e and mass m in Bohr’s orbit 
in hydrogen atom to its angular momentum is 


(a) e m 


(b) 
m e e 

Gases exert pressure on the walls of the 
container because the gas molecules 

(a) have finite volume 

(b) obey Boyle’s law 

(c) possess momentum 

(d) collide with one another 


Two coherent sources of intensity ratio © 
I 


| ee ae 
interfere. In interference pattern “2% —_™ = 
max +1 min 
(a) 20 (b) 2a 
aa ENG 
1+0 1+0 
© 2 oe 


1+Va 


Light of wavelength A4 and Ag falls on two 
identical metal plates A and B respectively. The 
maximum kinetic energy of photoelectrons in 
K4 and Kg respectively, then which one of the 
following relations is true? (A4 = 2Ag) 
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11. 


12. 


13. 


15. 


16. 


17. 


36 


(b) 2K4 = Kg 
(c) Ka =2Kg (d) Ky > 2Kg 


If an electron in hydrogen atom jumps from 
an orbit of level n = 3 to an orbit of level 
n = 2, emitted radiation has a frequency 

(R = Rydberg’s constant, C = velocity of light) 


K; 
(a) Ka e 


3RC RC 
e a o 

8RC 5RC 
as O36 


In electromagnetic wave, according to Maxwell, 
changing electric field gives 

(a) stationary magnetic field 

(b) conduction current 

(c) eddy current 

(d) displacement current 


The de-Broglie wavelength of an electron in 4" 
orbit is (r = radius of 1* orbit) 


(a) 2nr (b)4nr (c) 8nr (d) Loar 


. A string of length L and force constant K is 


stretched to obtain extension l. It is further 
stretched to obtain extension /,. The work done 
in second stretching is 


1 1 
(a) 5 Kh (+h) (b) 5 kit 
(c) sKP +R) (d) SKF) 


The equiconvex lens has focal length f. If it is 
cut perpendicular to the principal axis passing 
through optical centre, then focal length of 
each half is 


w t wf o # wa 


If N is the number of turns in a circular coil 
then the value of self inductance varies as 
(a) N° (b) N (c) e (d) N? 


Surface density of charge on a sphere of radius 
R in terms of electric intensity E at a distance r 
in free space is 

(Eo = permittivity of free space) 


2 
(a) sarf] “ue 
r 


b) = 
r 
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3f 


18. 


19; 


20. 


21. 


22. 


€ Er 
R 


(d) 


>) 
(c) cot | 


A body at rest starts sliding from top of a 
smooth inclined plane and requires 4 second 
to reach bottom. How much time does it take, 
starting from rest at top, to cover one-fourth of 
a distance? 

(a) 1 second 
(c) 3 second 


(b) 2 second 
(d) 4 second 


In vacuum, to travel distance d, light takes 
time t and in medium to travel distance 5d, it 
takes time T. The critical angle of the medium is 


nif 8 E 
(a) sin ( 7 ) (b) sin a 


ETE] inih 2E 
(c) sin a (d) sin & 


In electromagnetic spectrum, the frequencies of 
y-rays, X-rays and ultraviolet rays are denoted 
by 1, m and n; respectively then 

(a) n > m> n3 (b) ny < nm < n3 

(c) n > n< n3 (d) ny < n> n3 


In LCR series circuit, an alternating e.m.f. 
e and current i are given by the equations 
e = 100 sin (100) volt, 


i=100 sn (r00r+ 5 mA. 


The average power dissipated in the circuit will 
be 


(a) 100 W (b) 10 W 
(c) 5W (d) 2.5 W 
A block resting on the horizontal surface 


executes S.H.M. in horizontal plane with 
amplitude A. The frequency of oscillation 
for which the block just starts to slip is 
(u = coefficient of friction, g = gravitational 
acceleration) 


ug 


A 


A 
2n | 
a ug 


ug 


A 


[A 
d) 47, |-— 
all ug 


1 1 
(a) 5 ) = 


23. 


24. 


25. 


26. 


27. 


28. 


A plane sound wave travelling with velocity v in 
a medium A reaches a point on the interface of 
medium A and medium B. If velocity of sound 
in medium B is 2v, the angle of incidence for 
total internal reflection of the wave will be 
greater than (sin 30° = 0.5 and sin 90° = 1) 

(a) 15° (b) 30° (c) 45° (d) 90° 

A gas is compressed isothermally. The r.m.s. 
velocity of its molecules 

(a) increases 

(b) decreases 

(c) first increases and then decreases 

(d) remains the same 


Two concentric spheres kept in air have radii 
R and r. They have similar charge and equal 
surface charge density o. The electric potential 
at their common centre is 

(Ep = permittivity of free space) 


o(R+r) o(R-r) 
(a) eo (b) Ta 

o(R+r) o(R+r) 
(© 2€, (d) 4€, 


The velocity of water in river is 9 km/hr of the 
upper surface. The river is 10 m deep. If the 
coefficient of viscosity of water is 10-? poise 
then the shearing stress between horizontal 
layers of water is 

(a) 0.25 x 10-2 N/m? (b) 0.25 x 10-3 N/m? 
(c) 0.5 x 10-7 N/m? (d) 0.75 x 10-3 N/m? 


A sphere P of mass m moving with velocity u 
collides head-on with another sphere Q of mass 
m which is at rest. The ratio of final velocity of 
Q to initial velocity of P is 

(e = coefficient of restitution) 


e-1 eiT? 
a is G 

e+1 4 e+1 ? 
(c) 5 (d) Ea 


Magnetic induction produced at the centre 
of a circular loop carrying current is B. The 
magnetic moment of the loop of radius R is 

(Ho = permeability of free space) 


29. 


30. 


3i. 


32. 


33. 


BR? 27BR? 
(a) (b) 
27g Ho 
BR? 2nBR* 
(c) — (d) 
27g Ho 
In air, a charged soap bubble of radius r is in 


equilibrium having outside and inside pressures 
being equal. The charge on the drop is 

(€9 = permittivity of free space, T = surface 
tension of soap solution) 


(a) amr?|27£0 (o) amr? [ATED 
r E 

O amr? |T A am? [So 
r F. 


A block is pushed momentarily on a horizontal 
surface with initial velocity v. If u is the 
coefficient of sliding friction between the block 
and surface, the block will come to rest after 
time (g = acceleration due to gravity) 


a o ot a” 
ug u v 
Two charges of equal magnitude q are placed in 


air at a distance 2a apart and third charge -2q is 
placed at midpoint. The potential energy of the 


system is 
(Eo = permittivity of free sapce) 
2 2 
q 3q 
(a) -= (b) = 
8TEg a 8TEg a 
2 2 
5q 7q 
(Cee (d) =- 
0 81E_ a 
Anelectron in potentiometer wire experiences a 


force 2.4 x 10~!° N. The length of potentiometer 
wire is 6 m. The e.m.f. of the battery connected 
across the wire is 

(electronic charge = 1.6 x 107!° C) 


(a) 6V (b) 9V 
(c) 12V (d) 15 V 
The dimensional formula for Reynold’s number 


is 
(a) [L° M° T°] 
(c) [L M? T] 


(b) [L? M! T'] 
(d) [L M! T7] 
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34. 


35. 


36. 


37. 


38. 


39. 


38 


Calculate angular velocity of earth so that 
acceleration due to gravity at 60° latitude 
becomes zero. 

(Radius of earth = 6400 km, gravitational 
acceleration at poles = 10 m/s?, cos 60° = 0.5) 
(a) 7.8 x 107? rad/s (b) 0.5 x 10° rad/s 

(c) 1x 10-3 rad/s (d) 2.5 x 107° rad/s 


A stationary object explodes into masses mı 

and m. They move in opposite directions with 

velocities V; and Vz. The ratio of kinetic energy 

E; to kinetic energy E; is 
m 

(a) b + © 


mı m m 


m 2m a2” 


(d) 


The moment of inertia of a thin uniform rod 
rotating about the perpendicular axis passing 
through one end is I. The same rod is bent 
into a ring and its moment of inertia about the 


diameter is I. The ratio Lis 
q 


@) 4e w È Rw se 

3 3 3 5 
Three identical spheres each of mass 1 kg are 
placed touching one another with their centres 
in a straight line. Their centres are marked as 
A, B, C respectively. The distance of centre of 
mass of the system from A is 


AB+AC AB+ BC 

(a) — bo) 
2 2 

= AB+ AC 

gha pyr 


The relation between force F and density d is 


x 
F=—=. The dimensions of x are 
vd 


(a) [L2 M32 T] (b) [L-2 M" T3] 
(c) [L] M? T?] (d) [L] M2 T2] 


When a wave travels in a medium, displacement 
ofa particle is given by y = asin2n(bt - cx) where 
a, b, c are constants. The maximum particle 
velocity will be twice the wave velocity if 


(a) b=ac (b) jel 
ac 
1 
(c) c=na (d) c=— 
Tta 
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40. 


4l. 


42. 


43. 


45. 


Electromagnets are made of soft iron because 
soft iron has 

(a) high susceptibility and low retentivity 

(b) low susceptibility and high retentivity 

(c) low susceptibility and low retentivity 

(d) high susceptibility and high retentivity 
The masses of three copper wires are in the 
ratio 1 : 3 : 5 and their lengths are in the ratio 
5:3:1. The ratio of their resistance is 


(a) 25:1:125 (b) 1:125:25 
(c) 125:1:25 (d) 125:25:1 
A body of mass m is raised to a height 10R 


from the surface of earth, where R is the radius 
of earth. The increase in potential energy is 
(G= universal constant of gravitation, M = mass 
of earth and g = acceleration due to gravity) 


q) D p Se 
a% IIR 10R 
mgR 10 GMm 
c0) — d 
(c) iG (d) IIR 
The angle O between the vector p=i+j+k 


and unit vector along x-axis is 


(a) o|) (b) w) 


(c) waf) (d) o3] 


. A small metal ball of mass m is dropped in a 


liquid contained in a vessel, attains a terminal 
velocity v. If a metal ball of same material but 
of mass 8m is dropped in same liquid then the 


terminal velocity will be 
(a) v (b) 2v (c) 4v (d) 8v 
A wooden block of mass 8 kg slides down an 


inclined plane of inclination 30° to the horizontal 
with constant acceleration 0.4 m/s”. The force of 
friction between the block and inclined plane is 


(g = 10 m/s”) 
(a) 12.2N (b) 24.4N 
(c) 36.8N (d) 48.8N 


SOLUTIONS 
1. (c):Radius of the semicircle traced by positive 


ion is given by 

mv 

qB 

where m and q be mass and charge of positive 
ion. So, for a given magnet, 

rey 


r= 


(d) : Power, P = Fv =(ma)v = may 


vdv = Pa 
m 
Integrating both sides, 
v t 
P 
frav Ra fae (7 P is a constant) 
0 0 
T 2P i2 
— = or v=,/—t 
2 m m 
As v= Ld 
dt 


Integrating both sides, 


x t 
fax= [72 fea 
0 m 0 
p 2P e. _2 ap Pa [sP pi2 
m (3/2) 3\m 9m 


n xo ph 
(c):In insulators conduction band is empty 


and valence band is completely filled with 
electrons. 


(b) : The kinetic energy of the rolling object 
is converted into potential energy at height 


2 
d=) 
4g 


According to the law of conservation of 
mechanical energy, we get 


1 1 
= Mv? += Io” =Mgh 
2 2 


As sı and s are in parallel, so their equivalent 
resistance is 
1 1 1 S48 
ye Ses E a 
S 3 $2 SS 


= S152 
5, +5 
For bridge to be balanced, Fi zR 
s 
P_ R _ R(s, +53) 
Q 848y/ (s, +59) 5489 


(b) : Here, & = 0.95, Ig = 0.2 mA 
I 
As a=-2=0.95 
Ig 
Ic = 0.95 Ip 
As Ig=IgtIc 
Ip = Ig + 0.95Ig 


0.05 Ip = Ip 
I 0.2mA 
Ip= = =4mA 
0.05 0.05 
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7. (d): 


Magnetic dipole moment of an electron 


Angular momentum 


This ratio is called gyromagnetic ratio. 


8. (c):Gases exert pressure on the walls of the 
container because the gas molecules possess 


momentum. 


9. (b) : Let two coherent sources of intensity I, 


and I, interfere. Then 


Ina (i+ ct Lt “| 


Then, 
Tmax =j 
Imax Imin Imin 
Imax +I min Imax +1 
Tee 


(Jara) +(e 


_atl+2Va-a-1+2Va 


 a+1+2Va+a+1-2Va 


_4Va _ a Na 


2+2 21+a) 1+0 


10. (a): According to Einsteins photoelectric equation 


he 
Ka =a — 9 
‘A 
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11. 


12. 


13. 


14. 


hc 


and K=—- do (ii) 
dp 
As A4=2Ag (Given) 
he 
Ka Dp — 
= he _% _ 9% 
2hp 2 2 
„I(r y) _% 
2 f 3 2 
_ % _ (Using (ii)) 


Thus, K4 ght 
2 


(d) : When an electron jumps from n = 3 to 
n = 2, the frequency of emitted radiation is 


(d) : According to Maxwell, changing electric 
field gives displacement current. Displacement 
current exists due to time-varying electric field 
and is given by 
dog 
I4=€0 ~> 
d~<0 dt 
(c):Radius of n" orbit is 
r, = n?r where r is the radius of 1* orbit. 
If A is the de-Broglie wavelength of an electron 
while revolving in n® orbit of radius r,, then 
2T = nÀ 
Ja PALE 
n 
For 4" orbit, n = 4 
_2nr 2m(4)Pr_ 
4 


(a): Potential energy of the string after the first 
stretching is 


à 8nr 


U,=1 KÊ 
2 


15. 


16. 


Potential energy of the string after the second 
stretching is 


U, =; K(+hy 

Work done in second stretching is 
W=U,-U,=—K(l+h)?- ZK 
=> KU+4P-P) 


=5K(r + +21, -P) 
= EKR +21)= Kh (h +21) 


(d) : According to lens maker’s formula 


Ri =R, R, =-R 


2u- wii) 


When the lens is cut into 

two halves along YOY’, 

then each half behaves as a 

plano convex lens. 

For each half = 

Ri =R, R = iY 

If f’ is the focal length of each half, then 
L su-i z :)-4 1) 

f R >) R 


R 
f ‘—_ 
(u-1) 
Divide eqn. (ii) by eqn. (i), we get 


f=? or f’=2f 


(c): Self inductance of a circular coil is 


Gi) 


L=ŻpoN?nR 


where, 
N = Number of turns in the coil 
R = Radius of the coil 
Le N? 


17. (c):Electric field intensity at a distance r from 


the centre of sphere is o 
2 (For r>R) AN 
Ane ° r P 
Surface charge density of 
the sphere is 


Q 


E= 


4nR? 
Q = o4nR? 
1 (o4mR?) 


Let L be length of the inclined plane inclined at 
an angle 0. 

Acceleration of the body down the plane is 
a=gsin0 

As the body starts from rest, therefore its initial 
velocity u = 0. 

Then, 


L=} gsin0(4? 


and L =! g sinl)? 
4 2 


Ll4_ť 
i a 
P=4 


or t=2 second 


19. (c) :In vacuum, 
d=ct 
where c is the velocity of light in vacuum. 
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or c= Li (i) 
t 
In medium, 
5d=vT 
where v is the velocity of light in medium. 
5d iz 
y= . (ii) 
T 
Refractive index of the medium is 
_ Velocity oflightinvacuum _ c 
Velocity of lightinmedium v 
Let i, be critical angle of the medium. Then 
_,_1_v_{(5d/T\_5t 
sini, ===- = aie ae 
Hes (Using (i) and (ii)) 
; a=] 5t 
or i=sin" |= 


20. 
electromagnetic waves is 
n > m > n 

(d) : Here, 

e = 100 sin(100t) volt 


21. 


i= 100s 10014 3}ma 


eo = 100 volt 
io = 100 mA = 100 x 107° A 


Average power dissipated in the circuit is 
Ls 
Py ar egio cos 


= > 100 x100 x107°x cost 


=) xioxt-2w-25w 
2 22 


22. (a): Let m be mass of the block. 
When the block is about to slip, then 
Force of friction = Centrifugal force 


umg = mo*A 


a. ae o- |i 
A A 
As @=2nv 
@_ 1 jug 
in m\A 
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(a) : The correct order of frequencies of given 


23. 


24. 


25. 


26. 


(b) : Let i be angle of incidence and i, be the 
critical angle. 
For total internal reflection, 
i>i 

eis v_ 1 
Here, sini, =— =— 

2 2 
-1f{1 = 

or i,=sin (i) 1 (0.5) = 30° 


i> 30° 
(d) : As the gas is compressed isothermally, 
therefore its temperature remains the same. 


Since vms % VT, hence the r.m.s. velocity of its 
molecules remains the same. 


(a): Q 


a 


As both the spheres have equal surface charge 

density 6, therefore charges on the spheres are 
Qı = o4nr? and Q; = 04nR? 

Electric potential at their common centre O is 


=> 4, Q 
AnEg r  4nEg R 
ot cal onr? | o4mR? 
AT Eq r R 
o(Rt+r 
— 400 [r+R] oR tr) 
ANE, Eo 
(b) : Here, 
Coefficient of viscosity of water, n = 107? poise 


= 10-3 Pas 
As the velocity at the bottom of the river is 
zero, therefore change in velocity of river from 
surface to bottom is 


dv =9km/hr = 9x-m/s =2.5 m/s 


Change of depth from surface to bed of the 
river, 
dx =10m 


` i dv 
Velocity gradient = — 
ty gi de 


=^ 0.25871 
10 
As viscous force, F =ņA dv 
dx 
P F dv 
Shearing stress = — =ņ— 
. A 1 dx 
= (107° Pa s) (0.25 s7!) 
=0.25 x 107° Pa 


= 0.25 x 1073 N/m? 
27. (c):Let vp and vg be the final velocities of the 
spheres P and Q after collision. 
According to law of conservation of momentum, 
mu = mvp + mvo 


or vp+vgo=u (i) 
Vo-Vv. 
Coefficient of restitution, e = 2 
u 
or vo-vp=ue (ii) 


Adding eqns. (i) and (ii), we get 
2vg=u+ue=u(1 +e) 


E u(1 +e) 
=> 
The required ratio is 
YQ - l+e 
u 2 


28. (b) : Magnetic induction at the centre of a 
circular loop of radius R carrying current I is 


patoa _ Hol 


4n R 2R 
pa 288 
Ho 


Area of the loop, A = nR? 
Magnetic moment of the loop, 

3 
M=IA= fae =27BR_ 


Ho Ho 


29. (d) : Excess pressure inside the soap bubble is 
_4T 

r 

As the pressure inside and outside is the same, 
so pressure of the charged bubble is 


P 


Paectro = 
oO AT 
2€ r 


where o is the surface charge density of the 
bubble 


T 
o= 
r 


Charge on the bubble is 
Q= 4nr o = 4nr? pa 
30. (a) í 
3L) a 
< a mie a >i 


The potential energy of the system is 
1 Da) 1 DD 


ANE) a ATE 2a 
1 @(-24) 
4MEy a 


eae ral 


4TEo| a 2a a 
4 -4f te - 49 
4MEg 2a 
-7t 
81E_ a 


32. (b) : Force on an electron, F = eE 


Electric field, 

F 24x10 °N _3 
e 16x1i%c 2 
Potential difference across the wire is 


Nc! 


V=HI=- NC!x6 m=9V 


Emf of the battery = V=9 V. 


33. (a): Reynold’s number isa dimensionless quantity. 
Therefore, its dimensional formula is [L° M? T°]. 


34. (d): Acceleration due to gravity at latitude A is 
& = 8 - Rw*cos*r 
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35. 


36. 


44 


where R is the radius and œ is the angular 
velocity of earth. 
At poles, À = 90° 

' 8gp =8- Racos 90° =g (7 cos90°=0) _ ...(i) 
At latitude À = 60° 
Zeo = 8 - Ro?cos?60° 


1 3 x 
=g,- e (Using (i)) 


As per question, ggo = zero 


1 Ro? =8p 


“4 
4 4x10 m/s” 

o= Sia Skons = 1x 107 rad/s 
R \6400x10?m 4 


= 2.5 x 103 rad/s 
(a): According to law of conservation of momentum, 
0= mV, + m2V2 
v=- 
m 
-ve sign shows that both are moving in opposite 
directions. 
In terms of magnitude 
vm 
m 


1 
Kinetic energy of mass mı, E; = svi 


m 
n= Vy or 


m v, al) 


Kinetic energy of mass m2, E, = 1 m, V2 
The required ratio is 2 


m. 2 
B. .2 tt mY 
E, li v2 m Vz 
2 
j 2 
a [=] =T (Using (i) 
m |m m 


(b) : Let M be mass and L be length of the rod. 
Moment of inertia of the rod about the 
perpendicular axis passing through one end is 
t=i Me 
3 

When it is bent into a ring of radius R, then 
2mR=L 

L 


R=— 


27 s0) 
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37. 


38. 


39. 


Moment ofinertia of the ring about the diameter 
is 


2 

Ve. 3 DL a 
I,=—MR°=—M!| — Using (i 
t3 2 (| (Using) 
= MÉ 

81 
The required ratio is 

1 542 
13 ant 
L 1 2 3 

ML’ 

sn 

(d) : 


- 
A 


As it is clear from the symmetry of the figure, 
that centre of mass of the system is at B. 
Its distance from A is 


m,x0+mpgxAB+mcxAC 
x= 


ma+mgtme 
Here, mg = mg = mc = 1kg 
AB+AC 
x=— 
3 
(a): Given : pa 


Vd 
z x=FVd 
[x] = [L} M! TALS M! T?]"2 
= [L} M! T-2] [L-32 M12 T°] 
= (i=! M32 T] 
(d) : The given equation is 
y = asin2n(bt - cx) 
Comparing the given equation with the 
standard wave equation 


yoasin2e{ viž) 
À 


We get, 
Frequency of the wave, v = b 


Wavelength of the wave, 2 at 
ë 
Velocity of the wave, v = vA = p 
Particle velocity, e 


Vp, = 2- a2nbcos2n(bt-cx) 


(Vpa) max = a27b 
As per question, (Vpa)max = 2V 


1 
` ammb=% or c=— 
c 


40. (a):Electromagnets are made of soft iron 
because soft iron has high susceptibility and 
low retentivity. 

41. (*): Mass, M = volume x density = Al x d 

_M 
ld 
pl__ pl _pPd 


Resistance, R = — = — = *__ 
A (M/Ild) M 


Since p and d are same for all the three wires, 


* None of the given options is correct. 


42. (d) : Potential energy of the body of mass m on 
the surface of the earth is 
eles 
R 
Potential energy of the same body at a height 
h(= 10R) from the surface of earth is 


GMm__ GMm __GMm 
R+h  R+10R 11R 


Increase in potential energy, 


yas 


av= up- u=- SM" -(-2) 
11R R 
__GMm , GMm 
11R R 


_GMm[,_ 1] _10GMm 
R uj 1R 


43. (a): Here, paitjtk 
Unit vector along x-axis = i 


G+ J+k)- (i) 


a)? + ( a? +a)? Var <a 
or 6= cor] 


cos8= 


. (c):Let r and r’ be radii of the ball of mass m 


and 8m respectively. Then 


m= nrp and 8m =inr"o 


m r 1 r , 
. —= or —=—~ or r =2r 
8m r° 8 2 


2 r’(p-0)g 
9 n 
Since (p - ©) and y are same for both balls 


Terminal velocity, y = 


Here, mass of the block, m = 8 kg 
Acceleration of the block, a = 0.4 m/s” 
Angle of inclination, 8 = 30° 
Let f be force of friction between the block and 
inclined plane. 
Net downward force on the block is 
F= mgsin0 -f 
ma = mgsinð - f 
f= mgsinð - ma 
= m(gsin® - a) 
= 8(10sin30° - 0.4) 
= 8(5 - 0.4) 
= 8 x 4.6 N = 36.8 N na 
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e Scalar quantities : The physical quantities which have 
only magnitude and no direction are called scalar 
quantities. 

e Vector quantities : The physical quantities which have 
both magnitude and direction and obey the laws of vector 
addition are called vector quantities. 


Projectile Motion 


Any body projected into space, such that it moves under 
the effect of gravity alone is called a projectile. The path 
followed by a projectile is called its trajectory which is 
always a parabola. 

A projectile executes two independent motion 
simultaneously: 

(i) uniform horizontal motion and 

ii) uniform accelerated downward motion. 


MOTION IN A PLANE 


Galileo proposed what we now call the law of compound motion, according to which the motion in one 
dimension has no effect on motion in another dimension 


Types of Vectors 


Polar vectors : The vectors which have a starting point or a point of application 
are called polar vectors. 
Axial vectors : The vectors which represent rotational effect and act along the} 
axis of rotation in accordance with right hand screw rule are called axial 
vectors. 


Equal, Negative and Zero (or Null) Vectors 


Equal vectors : Two vectors are said to be equal if they have same magnitude 
and direction regardless of their initial positions. 

Negative vector : It is a vector having same magnitude but direction opposite 
to that of a given vector. 

Null vector : It is a vector whose magnitude is zero but its direction is not 
defined. 

Properties of a null vector: 
© A+0=A ii 


A0=0 where Aisascalar. (iii) 0A=0 


Projectile Fired Horizontally 


e Suppose a body is projected horizontally with velocity u from a 
eight h above the ground. Let it reach the point (x, y) after time t. 
Then 

i) Position of the projectile after time t= ut, y= T ot? 


ii) Equation of trajectory : y = £r 
2 


M 
iii) Velocity after time ty =y u? +g; p= tan 
u 


4 


Parallelogram Law of Vectors 


It states that if two vectors acting simultaneously at a point can be represented 
both in magnitude and direction by the two adjacent sides of a parallelogram, 
then the resultant is represented completely (both in magnitude and direction) 
by the diagonal of the parallelogram passing through that point. 


ind 
R= P? +Q? +2PQ cos ; tana= Quin 


P+Qcos0 
where P and Qare two vectors inclined to each other at an angle 6 and Ris their 
resultant. The resultant makes an angle o with . 


iv) Time of flight, T= pd 
8 
2h 


v) Horizontal range, R=uXT =u |—. 


Projectile Fired at an Angle with the Horizontal 


e Suppose a projectile is fired with velocity u at an angle 0 with the 
horizontal. Let it reach the point (x, y) after time t. Then 
(i) Components of initial velocity : y = u cos 8, peusind 


(ii) Components of acceleration at any instant ;,a = O,a=-g 


(iii) Position after time t x =(wcos0)f, y =(usin®)t -1 ot? 


£ 2 
x 
2u? cos”@ 


(iv) Equation of trajectory : y = xtan®@- 


Bere) 
(v) Maximum height, H = asia 


(vi). Time of fight, 7 = 2280 


u? sin20 


(vii) Horizontal range, R= 


(viii)Maximum horizontal range is attained at 0 = 45° and its value jis 


u? 


Rmax = 


(ix) Velocity after time t: & ucos 8,y =u sin 0 - gt 


v 
A PEA and tanB=— 


Rectangular Resolution of a Vector in a Plane 


A= Acos@ and A= A sin 6 
where A, andelyo rectangular components of along XAaxis and 
Y-axis respectively and 0 is the angle which, makes with 


RAAS 2 ang AY 
A=Ayi+Ay je A= Ay +Ay and = tne 
x 


Dot and Cross Product of Two Vectors: 


Dot Product :A -B = ABcos® 
where A and B are the magnitudes of two vector and B and is the angle between the 
two, the vectors being placed tail to tail. 
Cross Product: A x B= C, where C =| Ax È |= ABsin9. 
Cis the cross-product of A and Bnd 6 is the smaller angle between the two vectors 
when placed tail to tail@ . is perpendicular to the plane containing and B 

a oy JES ge 
AB A-B 


cos =— „sin! 
AB 


Relative Velocity and Relative Speed 


TaB =V4 -7p ga = 7g- 7A” Vag=—Vpa and Vap=Vpq 
where ¥4,7p = velocities of two bodies A and B, Y4 relative velocity of A 


w.r.t. B, Vg relative velocity of Bw.r.t.A,andv 4, = Vg, = relative speed 
between A and B. 


i ion on an Inclined Plane 


SOLVED PAPERZ() 14 
J&K-CET 


Jammu & Kashmir Common Entrance Test 


A solenoid of length 0.6 m has a radius of 
1 cm and is made up of 600 turns. It carries a 
current of 6 A. What is the magnitude of the 
magnetic field inside the solenoid? 

(a) 7.54x10°T (b) 10.84x 10°T 

(c) 487x10°T (d) 2.36 x 10°T 


The bus moving with a speed of 42 km/hr is 
brought to a stop by brakes after 6 m. If the 
same bus is moving at a speed of 90 km/hr, then 
the minimum stopping distance is 
(a) 15.48 m (b) 18.64 m 
(c) 22.13 m (d) 27.55 m 


A 15 pF capacitor is connected to a 60 V battery. 
How much electrostatic energy is stored? 

(a) 2.77 x 10° joules (b) 1.77 x 108 joules 
(c) 2.35 x 10° joules (d) 1.35 x 108 joules 


In a video signal for transmission of picture, 
what value of bandwidth is used in 
communication system? 

(a) 2.4 MHz (b) 4.2 MHz 

(c) 24 MHz (d) 42 MHz 


A straight wire of mass 300 g and length 2.5 m 
carries a current of 3.5 A. It is suspended in 
mid-air by a uniform horizontal magnetic field B. 
What is the magnitude of the magnetic field? 

(a) 0.654T (b) 0.336 T 

(c) 1.576T (d) 0.939 T 

When longitudinal wave propagates, what 
happens in the region of compressions and 
rarefactions? 

(a) Density varies 

(b) Density remains constant 

(c) There is heat transfers 

(d) Boyle's law is obeyed 
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7- 


10. 


11. 


Calculate average thermal energy of the typical 
star if the temperature of the star is 12 million 
kelvins. 

(a) 2.07 x 1078 joules 

(b) 1.07 x 10716 joules 

(c) 4.07 x 10716 joules 

(d) 3.07 x 1016 joules 


A galaxy is moving away from an observer on 
earth so that sodium light of wavelength 5892 A 
is observed at 5896 A. The speed of galaxy is 


(a) 306 km/s (b) 204 km/s 
(c) 185 km/s (d) 158 km/s 
The correct order of arrangement of 


electromagnetic waves according to their 

wavelength is 

(a) Gamma rays < Micro waves < AM radio 
waves < FM radio waves 

(b) Micro waves < AM radio waves < FM radio 
wave < Gamma rays 

(c) Gamma rays < AM radio waves < FM radio 
wave < Micro waves 

(d) Gamma rays < Micro waves < FM radio 
waves < AM radio waves 


A constant retarding force of 80 N is applied to 
a body of mass 50 kg which is moving initially 
with a speed of 20 m/s. What would be the time 
required by the body to come to rest? 

(a) 15s (b) 14s (c) 12.5s (d) 18s 
Light from a point source in air falls on a 
spherical glass surface (n = 1.67 and radius of 
curvature = 25 cm). The distance of the light 
source from the glass surface is 95 cm. At what 
position the image is formed? 

(a) 75.45 cm (b) 90.50 cm 

(c) 105.25 cm (d) 99.40 cm 


12. 


13. 


14. 


15. 


16. 


18. 


19. 


20. 


The length of the wire is increase by 2% by 
applying a load of 2.5 kg-wt. What is the linear 
strain produced in the wire? 

(a) 0.1 (b) 0.01 (c) 0.2 (d) 0.02 


The half life of an old rock element is 
5800 years. In how many years its sample of 
25 gm is reduced to 6.25 gm. 

(a) 2900 years (b) 5800 years 

(c) 11600 years (d) 23200 years 

The earth takes 24 hr to rotate once about its 
axis. How much time does the sun take to shift 
by 5° when viewed from the earth? 


(a) 20 min (b) 15 min 

(c) 10 min (d) 5 min 

Which of the following is a dimensionless 
quantity? 


(a) Magnetic flux density 
(b) Electric flux density 
(c) Lumen flux density 
(d) Optical density 


A crane lifts weight of 75 kg to a height of 
15 m in 15 seconds. The power of the crane is 
(assuming g = 9.8 m/s) 

(a) 635 watt (b) 735 watt 

(c) 835 watt (d) 1135 watt 


. The escape velocity from the surface of earth 


is 11.2 km s"', What is the escape velocity in a 
planet whose radius is three times that of earth 
and on which the acceleration due to gravity is 
three times of that on earth? 


(a) 11.2kms"! (b) 22.4km s~! 

(c) 33.6 km s`} (d) 5.6 km s`} 
What is the dimensional formula for work? 
(a) [MLT~*] (b) [MLT] 


(c) [ML°T~*] (d) [MLT 


When the gas expands with temperature using 
the relation V = KT?? for the temperature 
change of 40 K, the work done is 
(a) 20.1R (b) 30.2R 
(c) 26.6R (d) 35.6R 


The resonant frequency of a L-C-R circuit 
depends upon 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


(a) Land R (b) Cand R 
(c) Land C (d) L, Cand R 
A wheel with 30 metallic spokes each of 0.7 m 


long is rotated with a speed of 120 rev/min, in 
a plane normal to the horizontal component of 
earths magnetic field Hz at a place. If Hy = 0.8 G 
at the place, what is the induced emf between 
the axle and the rim of the wheel? 

Given 1 G=10*T 

(a) 2.46 x 1074 volt (b) 6.28 x 104 volt 

(c) 5.76 x 10° volt (d) 4.92 x 1074 volt 


In a circuit, 3 resistors of resistances 1.2 Q, 
2 Q, 3 Q are connected in parallel. The value of 
equivalent resistance is 

(a) Less than 1.2 Q 

(b) Greater than 1.2 Q 

(c) Between 1.2Q and2 Q 

(d) Between 2 Q and 3 Q 


The magnetic field is absent in which one of the 
following physical situation? 

(a) Surface of Neutron star 

(b) Surface of Earth 

(c) Human nerve fiber 

(d) At some point on the axis of bar magnet 
What amount of energy is associated with mass 
of 2.5 kg? 

(a) 6.27 x 10!” joules (b) 4.27 x 10” joules 
(c) 0.27 x 10 joules (d) 2.27 x 10!” joules 
The ratio of radii of nuclei of two atoms of 
elements of atomic mass numbers 27 and 64 is 
(a) 3:4 (b)4:3 (c) 9:16 (d) 16:9 
MSI integrated chip contains 

(a) Less than 10 gates (b) 10 to 100 gates 

(c) 100 to 1000 gates (d) 1000 to 10000 gates 


What is the torque of a force 3i+ 7j + 4k about 
the origin, if the force acts on a particle whose 
position vector is 2i+2j+ 1k? 

(a) i-5j+8k (b) 21+2j+2k 

(d) 314+2}+3k 

A message signal of frequency 20 kHz and peak 
voltage of 15 volts is used to modulate a carrier 


(c) itj+k 
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29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


50 


wave of 1000 kHz and peak voltage of 30 volts. 
The modulation index and upper side band are 
respectively 

(a) 0.50 and 1020 kHz 

(b) 0.66 and 1020 kHz 

(c) 0.50 and 980 kHz 

(d) 0.66 and 980 kHz 


Calculate the efficiency of the engine if Carnot 
cycle operates at T) = 550 K and T, = 320 K 
producing 2.3 kJ of mechanical work per cycle? 
(a) 0.418 (b) 0.622 (c) 0.823 (d) 0.902 


Which of the following device is the application 
of Photoelectric effect? 

(a) Light emitting diode 

(b) Diode 

(c) Photocell 

(d) Transistor 

The waves used for Line-of-Sight (LOS) 
communication are 
(a) Ground waves 
(c) Sound waves 


(b) Space waves 
(d) Sky waves 


The inductance L of a solenoid depends upon 
its radius R as 

(a) Læ R (b) Læ 1/R 

(c) Le R? (d) Lœ R? 


How much revolution does the engine make 
during the time when a motor wheel with 
angular speed is increased from 720 rpm to 
2820 rpm in 14 seconds? 

(a) 354 (b) 490 (c) 413 (d) 620 

If the pressure at half of the lake is equal to 1/3 
pressure at the bottom of the lake, what is the 
depth of the lake? 

(Assume g = 10 ms” & 1 atm = 1 x 10°; 
p water = 10°) 

(a) 9.6m (b)7.5m (c) 4.4m (d) 3.2m 
The value of Rydberg constant is 

(a) 1.997x10°m™ (b) 1.097 x 107 m`! 
(c) 1.097x107m™! (d) 19.97 x 107 m~! 

A car moving on a straight road covers 1/3 
of the distance with 25 km/h and rest with 
75 km/h. The average speed is 
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37. 


38. 


39, 


4l. 


42. 


43. 


(a) 25 km/hr (b) 45 km/hr 
(c) 55 km/hr (d) 75 km/hr 
The distance at which average radius of the 


earth orbit subtends an angle of 1 arc second is 
(a) Parsec (b) Astronomical unit 
(c) Light year (d) Unified atomic unit 


What happens to the acceleration due to gravity 
with the increase in altitude from the surface of 
the earth? 

(a) Increases 

(b) Decreases 

(c) First decreases and then increases 

(d) Remains same 


Lenz’s law is a consequence of the law of 
conservation of 

(a) Charge (b) Mass 

(c) Momentum (d) Energy 


. The angle between the true geographic north 


and the north shown by a compass needle is 
called as 

(a) Inclination 

(b) Magnetic Declination 

(c) Angle of meridian 

(d) Magnetic pole 

An air bubble of 2 cm’ rises from the bottom 
of a lake of 32 m at a temperature of 9°C. 
When the bubble reaches the surface of the 
lake from the bottom of the lake, what volume 
does it grows for which temperature is 30°C 
(Assume g= 10 ms” and density p = 10° kg m™) 
(a) 5.937 cm? (b) 8.937 cm? 

(c) 12.937 cm? (d) 16.937 cm? 


Which quantity is transmitted with propagation 
of longitudinal waves through a medium? 


(a) Dispersion (b) Energy 
(c) Matter (d) Frequency 
A monochromatic light of frequency 3 x 10" Hz 


is produced by a LASER, emits the power of 
3x10 W. Find how many number of photons 
are emitted per second. 

(a) 1.5x 10° (b) 2.5 x 1016 

(c) 4.5 x 1016 (d) 8.5 x 1016 


45. 


47. 


48. 


49. 


. A mountaineer standing on the edge of a 
cliff 441 m above the ground throws a stone 
horizontally with an initial speed of 20 m s™'. 
What is the speed with which the stone reaches 


the ground? 
(a) 90 m s~! (b) 95.08 ms? 
(c) 85m s`! (d) 92 m s`! 


A zener diode is used as 
(a) An amplifier 

(b) A rectifier 

(c) A voltage regulator 

(d) A light emitting device 


. In which of the following does the intensity of 
sound vary with time? 
(a) Doppler effect (b) Beats 
(c) Transverse waves (d) Longitudinal waves 


A solid cylinder of mass 30 kg rotates about its 
axis with an angular speed of 50 rad/s. What 
is the KE associated with the rotation of the 
cylinder, if the radius of the cylinder is 0.30 m? 
(a) 1500.5 J (b) 1687.5 J 
(c) 2000.7 J (d) 1350.0 J 


The circuits that make rippled AC to pure DC 
are known as 

(a) DC converters (b) Junction diodes 

(c) Bipolar transistors (d) Filters 


A string of mass 3 kg is under tension of 
400 N. The length of the stretched string is 
25 cm. If the transverse jerk is stuck at one end 
of the string how long does the disturbance 
take to reach the other end? 


(a) 0.047 s (b) 0.055 s 
(c) 0.034 s (d) 0.065 s 
50. The total energy of an electron in 4™ orbit of 
hydrogen atom is 
(a) -13.6 eV (b) -3.4eV 
(c) -1.51 eV (d) - 0.85 eV 
51. The graph between voltage and current across a 
conductor that follows Ohm's law is 
(a) Straight line (b) Parabolic 
(c) Sine-curve (d) Cos-curve 
52. An athlete throws the shot-put of mass 4 kg with 


initial speed of 2.2 ms” at 41° from a height of 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


1.3 m from the ground. What is the KE of the 
shot-put when it reaches the ground ? (Ignoring 
the air resistance and gravity g = 9.8 ms) 

(a) 42.84 joules (b) 52.84 joules 

(c) 62.84 joules (d) 72.84 joules 

Two bulbs operating on standard voltage 110 volt 


have resistances in the ratio 9:16. The ratio of 
brightness of light from them is 


(a) 9:16 (b) 16:9 
(c) 3:4 (d) 4:3 
The neutral point on potentiometer’s scale for 


two cells of EMF 2.1 and E volts is observed at 
distances 40 cm and 56 cm respectively. The 
value of E is 

(a) 2.10 volts 
(c) 1.50 volts 


(b) 2.94 volts 
(d) 1.20 volts 


Which one of the following equation is 
Torricelli law? 


(a) P= pgh (b) v=. /2hg 
(c) NR, = pvd (d) S(2dl) = Fd 
Which of the law representing Maxwell’s third 


equation? 

(a) Gauss’s law for electricity 
(b) Ampere-Maxwell law 
(c) Gauss’s law of magnetism 
(d) Faraday’s law 


A silver wire has a resistance of 1.6 Q at 
25.5°C and a resistance of 2.5 Q at 100°C, then 
temperature coefficient of resistivity of silver is 
(a) 5.55x10°°C (b) 7.55 x 107°C 
(c) 11.75x107°C (d) 15.5 x 107°C 


When a particle returns to its initial point, its 
(a) Displacement is zero 

(b) Average velocity is zero 

(c) Distance is zero 

(d) Average speed is zero 


A body weight 45 N on the surface of the earth. 
What is the gravitational force on it due to the 
earth at a height equal to half of the radius of 
the earth? 

(a) 20N (b) 45N (c) 40N (d) 90N 
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60. 


6l. 


62. 


63. 


65. 


67. 


52 


The angle of a prism is 42° and refractive index 
of its material is 3/2. Then angle of minimum 
deviation for this prism is 

(a) 63° (b) 42° (c) 28° (d) 21° 


A conducting sphere of radius 5 cm has an 
unknown charge. The electric field at 10 cm 
from the centre of the sphere is 1.8 x 10° N/C 
and points radially inward. What is the net 
charge on the sphere? 

(a) 1.8 nC (b) 2 nC 

(c) 1nC (d) 1.5 nC 


For transistor the value of $ is 50 then the value 
of a is 
(a) 50/51 (b) 49/50 (c) 51/50 (d) 50/49 


An infinite line charge produces a field of 
18 x 10° N/C at a distance of 4 cm. What is the 
linear charge density? 

(a) 18 uC/m (b) 5 wC/m 

(c) 4 uC/m (d) 10 uC/m 


What is the fraction of molecular volume to the 
actual volume occupied by oxygen gas at STP? 
Given the diameter of oxygen molecule is 2 Å. 
(a) 1.75 x 10 (b) 1.5 x107 

(c) 12x107 (d) 1.125 x 107+ 


A 400 pF capacitor is charged by a 100 V 
supply. How much electrostatic energy is lost 
in the process of disconnecting from the supply 
and connecting another uncharged 400 pF 
capacitor? 

(a) 10 joules 
(c) 107 joules 


(b) 10%% joules 
(d) 1074 joules 


. The ratio of magnitude of electric displacement (D) 


and electric field (E) is 
(a) Charge density 

(b) Permittivity 

(c) Electric susceptibility 
(d) Dielectric constant 


An object is gently placed on a long converges 
belt moving with 11 m s™!. If the coefficient of 
friction is 0.4, then the block will slide in the 
belt up to distance of 
(a) 10.21 m 

(c) 20.3 m 


(b) 15.43 m 
(d) 25.6 m 


PHYSICS FOR YOU | AUGUST'14 


69. 


70. 


71. 


72. 


73. 


74. 


. A spring balance has a scale that reads from 


0 to 60 kg. The length of the scale is 30 cm. A 
body suspended from this balance and when 
displaced and released, oscillates with a period 
of 0.8 s, what is the weight of the body when 


oscillating? 

(a) 350.67 N (b) 540.11 N 

(c) 311.24 N (d) 300.5 N 

The magnetic needle has magnetic moment 


8.7 x 107° A m° and moment of inertia 
11.5 x 10° kg m°. It performs 10 complete 
oscillations in 6.70 s, what is the magnitude of 


the magnetic field? 

(a) 0.012 T (b) 0.120 T 

(c) 1.200 T (d) 2.10 T 

The distance for which ray optics is good 


approximation for an aperature 5 mm and 
wavelength 5000 Å is 
(a) 18 meter 
(c) 38 meter 


(b) 30 meter 
(d) 50 meter 


A compound microscope has a magnification 
of 30. The focal length of the eyepiece is 5 cm. 
If the final image is formed at the least distance 
of distinct vision (25 cm), the magnification 
produced by the objective is 

(a) 10 (b) 7:5- (c) 5 (d) 15 


Which of the following relation is called mirror 
equation? 


ui fil 4) tated 
a u f os u f 
@ Liu} (d) uf + vf= uv 
f v 


A stone of mass 0.05 kg is thrown vertically 
upwards. What is the direction and magnitude 
of the net force on the stone during its upward 
motion? 

(a) 0.49 N vertically downwards direction 

(b) 0.49 N vertically upwards direction 

(c) 0.05 N vertically downwards direction 

(d) 9.8 N vertically upwards direction 


Two different coils have self-inductance 
L, =8 mH, L, =2 mH. The current in one coil 


is increased at a constant rate. The current in the 


second coil is also increased at the same rate. 
At a certain instant of time, the power given to 
the two coils is the same. At that time the current, 
the induced voltage and the energy stored 
in the first coil are i, V}, and W, respectively. 
Corresponding values for the second coil at the 
same instant are i), V}, and W, respectively. 
Then, 


W, W, 1 
—4=8 p —4=-— 
(a) 3 (b) 8 
w W, 1 
©) Go a waz 


75. A concave mirror of focal length f produces 
a real image n times the size of the object. 
The distance of the object from the mirror is 
(a) (n-1)f (b) (n+ Df 
© (n+1)f (a) (n-1)f 

n n 


n SOLUTIONS 
1. (a) : Here, 

Length of the solenoid, / = 0.6 m 

Number of turns, N = 600 

Radius, r = 1 cm = 10°? m 

Current in the solenoid, I = 6 A 

Number of turns per unit length is 


= N = a = 1000 turns/m 
1 0.6 
As nD =60 ie. l>>r 
r 10? 


Hence, we can use the formula for magnetic 

field inside a long solenoid. 

ie. B= Ugnl = 40x10 x 1000 x 6 = 7.54x 10° T 
2. (d) : For the first case, 

Initial speed of the bus, 


5 35 
u = 42 km/hr SHAR m=z m/s 


Final speed of the bus, v = 0 

Distance travelled by the bus before it stops, 
s=6m 

Asv? -u° =2as 


2 
(0)? -(3) =2xax6 


= 1225 
108 
For the second case, 


u = 90 km/hr = 90 (3) m/s = 25 m/s 


m/s? 


a= 


_ 1225 m/s” 
108 


2 _ (a5)? -2-25 
(0)* —(25) -( TY }: 


_ 25x25x108 
2x1225 


v=0,a= , s=? 


m =27.55 m 


(a) : Here, C= 15 pF =15x 10°? F 
V=60V 
Electrostatic energy stored in the capacitor is 


u=+cv? 
2 


=5xasxi0? x (60)? =2.7x10-°J 


(b) : A video signal of bandwidth 4.2 MHz is 

used for transmission of picture. 

(b) : Here, 

Mass of the wire, m = 300 g = 300 x 107° kg 

=0.3 kg 

Length of the wire, l= 2.5m 

Current in the wire, I = 3.5 A 

For mid-air suspension, 

Magnetic force on the wire = Weight of the wire 

IIB sin 90° = mg 
mg _0.3x9.8 


B= = 
Tl 35x25 


=0.336 T 


(a) :In a longitudinal wave, regions of high 

density correspond to compressions and 

the regions of low density correspond to 

rarefactions. 

Thus, when longitudinal wave propagates 

density varies in the region of compressions 

and rarefactions. 

(*) : Here, 

Temperature of the star, T = 12 million K 
=12x10°K 

Boltzmann constant, kg = 1.38 x 10-3 J K! 


PHYSICS FOR YOU | auGusT'i4 53 


10. 


11. 


Average thermal energy of the star is 
E =S kyl =5x1.38x10 x12x10° 


= 2.484 x 1016 J 
* None of the given options is correct. 


(b) : Here, 
AÀ = 5896 Å - 5892 Å = 4 Å 
À = 5892 Å 
A AA v 
g à c 
AA 


zeA aio m/s 
À 5892 


= 2.04 x 10°m/s = 204 km/s 
Hence, the speed of galaxy is 204 km/s. 
(d) : According to their wavelength, the correct 
order of given electromagnetic waves is 
Gamma rays < Micro waves < FM radio waves 
< AM radio waves 
(c): Here, 
Retarding force, F = 80 N 
Mass of the body, m = 50 kg 
Initial speed of the body, u = 20 m/s 
As retarding force = Mass x Retardation 
F 80N 


Let t be time required by the body to come to 
rest. 


t=% -02 125 s 
a -1.6 
(*) : Here, 
u= -95 cm, nı = 1, m = 1.67, R=+25cm 
As light travels from air (rarer medium) to glass 
(denser medium), so 


T Mi at 


v u R 
1.67 1 _167-1 
v -95 25 
167. 1 067 
TE he eee A 
v 95 25 
1.67 0.67 1 
v 25 95 
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12. 


13. 


14. 


15. 


1.67 _12.73-5 _ 7.73 


v 475 475 
= S167 L 5102.62 cm 
7.73 


The image is formed at a distance of 
102.62 cm from the glass surface in the direction 
of incident light. 
* None of the given options is correct. 
(d) : Let L be the original length of the wire. 
Increase in length 
POR fas 7 

100 100 
Change in length, AL = L’- L = 1.02L- L 

= 0.02L 


B=. 


(c): Here, 
Half life, T1/2 = 5800 years 
Amount of sample left after n half lives is 


n 
wal) 


6.25gm_(1)" 
25gm (2 


1 $ ( 1 i i 2 1” 
al} e G -G) 
n=2 
t =n Tın = 2 X 5800 years = 11600 years 
(a) : Time taken for 360° shift = 24 h 
Time taken for 1° shift 
=— h=—— x60 min =4 min 
360 360 
Time taken for 5° shift = 4 x 5 min = 20 min 
(d) : Optical density is the ratio of the speed of 
light in two media. As optical density is the ratio 
of two similar physical quantities, therefore it is 
the dimensionless quantity. 
All other given physical quantities have 
dimensions. 


16. (b) : Here, 
m=75kg, h=15 m, t=15s 
Power of the crane is 
_W_mgh _75x9.8x15 
t t 15 
17. (c): Here, 
Radius of the earth = R, 
Radius of the planet, R, = 3R, 
Acceleration due to gravity on the surface of 
earth = g, 
Acceleration due to gravity on the surface of 
planet, gp = 3g, 
Escape velocity from the surface of the earth is 


= 
vy, =2g,R, =11.2kms 


Escape velocity from the surface of the planet is 


v= 28 Rp = V268 )GR.) 


= 32g, Re =3X11.2 kms! =33.6kms! 


P = 735 watt 


18. (b) : Work = Force x Distance 
= [MLT Î][L] = [MLT] 
19. (c): Given : 
V=KT” (i) 
Differentiating both sides, 
2 
AV =F KT AT (As Kisaconstant) _ ...(ii) 
According to ideal gas equation for 1 mole 
PV=RT 
=— „(iii 
7 (iii) 
Work done by the gas is 
W = PAV 
_RT2 
V3 
2 RKT? 
3 v 
2 RKT?” 
53 Kr 


KT"AT (Using (ii) and (iii)) 


(Using (i)) 
=5 RAT = x RX40=26.6R 


20. (c): The resonant frequency of a L-C-R circuit 
is 


21. 


22. 


23. 


24. 


1 
Yr oa EC 
Above expression shows that it depends upon 
Land C. 
(a) : Here, 
Radius of the wheel, R= 0.7 m 
Frequency of rotation of the wheel, 


120 
v = 120 rev/min = er rev/sec = 2 rev/sec 


Magnetic field, B = Hy =0.8G=0.8x 107 T 
Induced emf across the ends of a spoke, 
€ = BTR 

=0.8 x 10“ x 3.14 x(0.7)°x 2 

=2.46x 10V 
As all the 30 spokes are connected in parallel, 
thereforeemfinduced across each spoke is same. 
Thus, the induced emf between the axle and the 
rim of the wheel is same as across any spoke 
i.e. 2.46 x 10* V. 
The number of spokes is immaterial. 
(a) : Three resistors of resistances 1.2 Q, 2 Q 
and 3Q are connected in parallel. Their 
equivalent resistance is 

ONE SE bd 10 


Rq 12 2 3 12 


Medd 
2 3 


_10+6+4 20 5 


Thus, the value of equivalent resistance is less 
than 1.2 Q. 


Ej 


physical situations. 


Magnetic field is present in all the given 


* None of the given options is correct. 
(d) : Here, 
Mass, m = 2.5 kg 
According to Einstein mass-energy equivalence 
relation 
E= mê where cis the velocity of light in vacuum. 
E=(2.5kg) (3x 10° m s~’)? 
= 22.5 x 10!ŚJ = 2.25 x 10!7J 
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25. (a) : Nuclear radius, R = R,(A)'! 3 
where Rọ is a constant and A is the atomic mass 
number. 


1/3 
, R E A 1/3 (2 1/3 f 33 z 3 
"B (A 64 2 4 


26. (b) : Depending upon the number of circuit 
components or logic gates, ICs (integrated 
circuits) are termed as in table. 


S. No. Term used Number of 
logic gates 
1. Small Scale Integration <10 
(SSI) | 
2. | Medium Scale © <100 
Integration (MSI) 
3. | Large Scale Integration < 1000 
(LSI) 
4. Very Large Scale > 1000 
| Integration(VLSI) 


27. (a) : Here, #=2i+2j+1k 
5 A A A 
F=31+7j+4k 


Il 
U N 
N N Se 
A = &> 


A A A 
= i(8-7) —j(8-3) +k (14-6) 
A A A 
=i-5j+8k 
28. (a) : Here, 


Am = 15 V, A,=30V 
Vm = 20 kHz, v, = 1000 kHz 


A 15 V 
Modulation index, u = —* = —— =0.50 
A. 30V 
Upper side band at (V, + V4) = (20 + 1000) kHz 
= 1020 kHz 
29. (a) : Here, T, =550 K and T,= 320 K 
T: 
Efficiency of the Carnot engine, N =i 
1 
320 550-320 230 
y=1-—— = == = 0418 
550 550 550 
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30. (c) : A photocell is a technological application 
of the photoelectric effect. 
31. (b) : Space waves are used for Line-of-Sight 
(LOS) communication. 
32. (c) : The inductance of a solenoid is 
L= wn Al 
where A is the area of cross-section of the 
solenoid, / its length and n is the number of 
turns per unit length. 
As A =TR° 
where R is the radius of the solenoid. 
L=Upn? nR 1 
L œR? 
33. (c) : Here, 
Initial angular speed of the engine, 


@p =720 xm rad/s = 247 rad/s 

Final angular speed of the engine, 
@ =2820x a rad/s = 947 rad/s 
Time in which the change in speed takes place, 
t=14s 

Angular acceleration of the engine, 

M-Wpy _ 940-247 
a= = 

t 14 


70 
=o rad/s? =5n rad/s” 


The angular displacement in time t is 
1 
9= aot += at? 


1 
= (24nx14) +> x57 x (14) 


= (3367 + 4907) rad = 8267 rad 
Number of revolutions made by the engine in 14 s 
_ 0 826m _ 
m 2m 
34. (*): Pressure of bottom of the lake = Py + hpg 


Pressure at half depth of lake = P) TES 
According to question, 2pg 


h 1 
P +3853 + hpg) 


1 1 h 
Py -— Py) =—hog -+ 
= fo 3053 PS 3 PS 


35. 


36. 


37. 


38. 


-4xP) -4x10° _ 
Pg 10x10 


Note : There is negative sign in answer which 
is not given in options. Hence, non of the given 
option is correct. 


or n= —40 m 


(c) : The value of Rydberg constant is 
1.097 x 107 m™. 


(b) : Let S km be total distance covered by the 
car. 

Time taken by the car to cover S/3 with speed 
25 km/h is 


and time taken by the car to cover remaining 


Zs with speed 75 km/h is 


Average speed of the car is 


Total distance covered 


v= 
sy Total time taken 
aeoo S 
ttt, (S/3), (28/3 
= + es 
25 75 
S S 225S 
“S| 285 38+28 5S m 
75 225 225 
(a) :Parsec is the distance at which average 


radius of earth’s orbit substends an angle of 
1 arc second. 
1 parsec = 3.08 x 10°m 
(b) : Acceleration due to gravity at a altitude h 
from the surface of the earth is 

gRe 


where g is the acceleration due to gravity on the 
surface of the earth and Rz is the radius of the 
earth. 

Eq. (i) shows that acceleration due to gravity 
decreases with the increase in altitude. 


| 39. 


40. 


41. 


42. 


43. 


(d) : Lenz’s law is a consequence of the law of 
conservation of energy. 
(b) : The angle between the true geographic 
north and the north shown by a compass needle 
is called as magnetic declination or simply 
declination. 
(b) : Here, 
Atmospheric pressure, Py = 1 atm 
= 1.01 x 10° Pa 
Temperature at the bottom of the lake, 
Tı = 9°C = (273 + 9) K = 282K 

Volume of the air bubble at the bottom of the 
lake, V; = 2 cm? 
Pressure at the bottom of the lake, 
P = Py + pgh 

= 1.01 x 10°+10° x 10 x 32 Pa 

= 1.01 x 10°+3.2 x 10° Pa = 4.21 x 10° Pa 
Pressure at the surface of the lake, 
P, = P) = 1.01 x 10° Pa 
Temperature at the surface of the lake, 
T, = 30°C = (273 + 30) K = 303 K 
Let V, be volume of the air bubble at the surface 
of the lake. 


AM _ Pv 
As 
1 2 
P T, 
V, =V; 
PT 
5 
303 K 
5 pao Pa (en?) 
1.01x10” Pa J| 282 K 
= 8.621 cm? 
(b) : Propagation of longitudinal waves 


through a medium leads to transmission of 
energy through the medium. 
(a) : Energy of a photon, E = hv 
E= (6.63 x 10°" 8 0) (3 x 10 HE) 
= 19.89x10"J 
Power of the source, P= 3 x 10° W 
Number of photons emitted per second, 


P__3x10°W 
E 1989x1077 
(b) : Here, 

Height of the cliff, h = 441 m 


=1.5x10!6 
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45. 


46. 


47. 


49. 


50. 


58 


Initial speed with which the stone is thrown, 
u = 20 m/s 
Let v be the speed with which the stone reaches 
the ground. Then 
v- = 2gh 
v= Je +2gh = J20)? +2x9.8x441 =95.09 m/s 


(c): A zener diode is used as a voltage 
regulator. 

(b) : Beats is the phenomenon of regular 
variation in the intensity of sound with time 
when two sources of nearly equal frequencies 
are sounded together. One minimum of sound 
followed by one maximum constitute one beat. 
(b) : Here, 

Mass of the cylinder, M = 30 kg 

Angular speed of rotation, œ = 50 rad/s 

Radius of the cylinder, R = 0.3 m 

Moment of inertia of the cylinder about its axis 


1 1 
I=>MR° = 5 *30%(0.3)" =1.35 kgm? 
Rotational kinetic energy of the cylinder 


1 1 
K= 51 = 5% 1:35% 50)" =1687.5J 


(d) : Filters are the circuits that make rippled 
AC to pure DC. 

(a) : Here, 

Mass of the string, m = 3 kg 

Length of the string, L = 25 cm = 25x 10m 
Tension in the string, T = 400 N 

Mass per unit length of the string, 


m 3 kg 


u= >=: — 2 
L 25x10°m 
Speed of the wave on the string is 


T 400N 1 
v=,|/— = |———— =5.77ms- 
u \i2kg m” 


Time taken by disturbance to reach the other 


=12kg m” 


end 
L 25x10?m 
t=—=———__=0.043s 
v 5.77ms! 


(d) : The total energy of an electron in n® orbit 
of hydrogen atom is 
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51. 


52. 


53. 


P=- V 


For fourth orbit, n = 4 


j ar all oe eV 
(a) : According to Ohm's law 
V=RI 


where R is the resistance of the conductor. 
Hence, the graph between voltage V and current 


Tis a straight line as shown in the figure. 
y 


(+): Here, 
Mass of the shot-put, m = 4 kg 
Initial speed with which the shot-put is thrown, 
u=22ms! 
Initial kinetic energy of the shot-put 
= jm =5x (4 kg)(2.2 m s™})? = 9.68 J 
Initial potential energy of the shot-put at a 
height 1.3 m above ground 
= mgh = (4 kg) (9.8 ms) (1.3 m) = 50.96 J 
Total initial energy of the shot-put 
= 9.68 J + 50.96 J = 60.64 J 
Final potential energy of the shot-put as it hits 
the ground (h = 0) = zero 
As the air resistance is negligible, therefore 
kinetic energy of the shot-put on hitting the 
ground = 60.64 J 
* None of the given options in correct. 
(b) : Here, R a” 
R, 16 
Rate of production of heat, 
2 
pat 
R 
For a given V, 
pel 
R 
P _R _ 16 
BP R 9 


54. 


55. 


56. 


57. 


58. 


59. 


(b) : Here, 
E,=21V, Ey=E 
l =40 cm, h =56cm 
As x = 4 

E hb 
where E, and E, are the emfs of two cells and 
lı, l are the corresponding balancing lengths of 
the potentiometer wire. 

aS or E=26x2.1=294V 

E 56 40 
(b) : Speed of efflux, v = /2hg 
where h is the depth of orifice below the liquid 
surface. 
This equation is known as Torricelli law. 


(d) : Maxwell's third equation is 


~~ dbp 
E-dl =-—= 
f dt 
It represents Faraday’s law. 
(+): Here, 


T, =25.5°C, T, = 100°C 
Rr, =1.6 Q, Rr, =2.5 Q 
Temperature coefficient of resistivity 


re Rp -R _ 2.5-1.6 
Rr, (T3 -) 1.6(100-25.5) 
= __ =755x102 °C" 
1.6X74.5 


+ None of the given options is correct. 
Note : In the options the unit of © is given as 
°C. On this basis none of the options is correct. 
The correct unit of o is °C™'. 
(a,b): When a particle returns to its initial 
position its displacement is zero. 
Displacement 

Time taken 
As displacement is zero, therefore its average 
velocity is also zero. 
(a) : Weight of the body on the surface of the 
earth = mg = 45 N 
Acceleration due to gravity at a height h from 
the surface of the earth is 

__ Ri 
d (Rg +h)? 


Average velocity = 


6l. 


where Rz is the radius of the earth. 


R 
As h= 
2 
gE _4 
BRT P 279 
Rp+—= 
(e7) 


Gravitational force on the body at height h is 


4 4 4 
F=m8gh SSS, aS SENN 


. (d) : Here, 


Angle of prism, A = 42° 


Refractive index, u = Z 


sin (2 
Ästi 2 
sin| — 
2 


where ô, is the angle of minimum deviation. 


A 
8, =2sin! [usin ) -A 
3. 42° 
=2sin || —sin — | -42° = 23° 
2 2 


(b) : Here, 

Radius of sphere, R= 5 cm = 5 X 10°? m 
Distance of point from the centre of the sphere, 
r=10cm=10X107m 

Electric field, E = 1.8 x 10° N/C 


As pa lal 


ie, 2 (For r>R) 
or 


lą] =4m€)Er? „2 
ATE, 
_ (1.810? N/C)(10x10™m) 
7 9x10? N m?/C? 
=2x10°C=2nC 
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62. 


63. 


65. 


As the electric field points radially inward, 
therefore the charge on the sphere is negative 
i.e. q = -2 nC. 
(a) : Here, B = 50 
The relation between o and ß is 

50 


(c): Here, 
E=18Xx10° N/C, r=4cm=4x107?m 


E: 
As E= à $: = 2ne)Er = ———~ 
2NEgr Al +) 
Ane 
_ (18x10°N/C)(4x10? m)S® 
2x9X10°N m?/C? 
=4x10°C=4uC/m 
(d) : Here, 
Diameter of oxygen molecule, d= 2 Å 
Radius of oxygen molecule, 
pot 2 A=1A=10 m 
2 2 i 
Molecular volume = 5 mr°Nq 


where N, is Avogadros number 
4 = 
= 5 x314x (10 !°)> x 6.023 107 


= 2.52 10° m? 
Actual volume occupied by 1 mole of oxygen at 
STP 

= 22.4 litre = 22.4 x 10° m° 


Molecular volume _ 2.52 10° m 


Actual volume 22.4 10-2 m? 
= 1.125 x 104 
(b) : Here, 
C; = 400 pF = 400 x 10°17 F 
G, = 400 pF = 400 x 10°17 F 
V,=100V 
Initial energy stored in capacitor C} is 


1 1 X 
U; =z =5%400x10 12 X (100)? 
=2x10ÉJ 


When capacitor C} is connected to an uncharged 
charged capacitor C, the charge flows and both 
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67. 


attains a common potential V. 
___Total charge Qi +Q,_CV,+0 
~ Total capacitance C+C) C+C 


400 x10? Fx100 V 
(400 +400) x10? F 


Final energy stored in capacitors C, and C; is 


50 V 


1 
U; =5G +G 
=x (400 107!? + 400 x 107!) x (50)? 


=5*800 x107? x (50)? = 10°°J 


. (b) : The ratio of magnitudes of electric 


displacement (D) and electric field (E) is 
D 
—=&K =€ 
E 0 


where € is the permittivity of the medium. 
(b) : Here, u= 11 ms", u =0.4 
Force of friction, f= umg 
umg 

m 

= ug = 0.4 x 9.8 = 3.92 m S° 

Using v’ - u? = 2as 

(0)?- (11)? = 2(-3.92)s or s= 15.43 m 


F 
Retardation due to friction = —= 
m 


. (c): The 30 cm length of the scale reads upto 


60 kg. 
Maximum force, F = 60 kg wt = 60 x 9.8 N 
= 588 N 
and maximum extension, x = 30 - 0 = 30 cm 
=30x 107m 
Spring constant of the spring balance is 
F 588N 
k=—=————_ = 1960 N/m 
x 30x107m 
Let a body of mass m is suspended from this 
balance. 
Then, Time period of oscillation, 


2 
r=2n]"" or pun 
k k 


T?k (0.8) x (1960) 
je ee 


=31.8k, 
42 4x (3.14) s 


Weight of the body = mg = (31.8 kg) (9.8 m/s?) 
=311.64N 
69. (a) : Here, 
Magnetic moment, M = 8.7 x 10°? A m? 
Moment of inertia, I = 11.5 x 10° kg m? 
Time period of oscillation is 


T= om = 0.675 s 
10 


As T=2n, ze 
MB 


ee 4n?I? _ 4x(3.14) x11.5x10° 
MT?  8.7x10° x(0.67)? 


70. (d) : Here, a =5 mm =5x10° m 
À = 5000 Å = 5000 x 107° m 
Fresnel distance (distance for which ray optics 
is a good approximation), 
z -É _ 6x10°m)? 
F OA 5000x10™m 
. (c): Here, 
Magnification of the compound microscope, 
m=30 
Focal length of the eyepiece, f, = 5cm 
Least distance of distinct vision, D = 25 cm 
When the final image is formed at D, the 
magnification due to the eyepiece is 


m=(142|-(1428)-6 


As m=m,m, 

~<. Magnification produced by the objective is 
m _ 30 

m, =—=—=5 


0 
m 6 


=0.012 T 


=50m 


7 


s 


72. (b, d) :The relation between object distance 
(u), image distance (v) and focal length (f) of 
the mirror is 


Lid (i) 
vu f 
This relation is known as the mirror equation. 
Eqn. (i) can be written as 
uf +vf = uv 
Hence, option (a) is also correct. 
73. (a) : Here, Mass of the stone, m = 0.05 kg 


During its upwards motion, 
Net force acting on the stone is 
F= mg =0.05 kg x 9.8 m/s” 
= 0.49 N, vertically downwards. 
74. (c): Here, L =8 mH and L,=2 mH 
Induced voltage in the coil is 


Since d is a constant, 
dt 


VæL 
Vv L 2 1 
Thus, —2 =—2 =" =- 
ey u ed 
Power given to the two coils is same 
Vii = Vi 
Bo Nes 
i v 


Energy stored in a coil, W = 1 Li? 
2 


AR 


75. (c): As the image is real and size of image is n 
times the size of object. 


FTR v 
Magnification, m=-—= -n 
or v=un u 
According to mirror equation 


| ea SA OO: E (| 


=+-=— => 
ap fË 
ita 1 nu 
ZÆ 5f oru- "Í 
n 


l+n ga 
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PHYSICS AND MEASUREMENT 


MEASUREMENT AND PHYSICAL QUANTITY 


Measurement is a process of comparing a property 
to a well defined and agreed-upon referent. 

The well defined and agreed-upon referent is used 
as a standard called a unit. 

Every measurement is a comparison of a quantity 
with a standard quantity that is an agreed-upon 
quantity of the same kind. 


Those quantities which describe the laws of physics 
are called physical quantities. In order to determine 
physical quantity completely, we should know : 

(i) Numerical value only ratio 

e.g., refractive index, dielectric constant, etc. 
Magnitude only scalar 

e.g., mass, charge, current etc. 

Magnitude and direction vector 

e.g., displacement, torque, etc. 


(ii) 
(iii) 


Types of Physical Quantities 

Fundamental quantities : The physical quantities 
which can be treated independently as basic 
quantities, and not usually defined in terms of 
other physical quantities are called fundamental 
quantities. 

e.g., length, mass, time, etc. 

Only four additional fundamental quantities 
temperature, current, luminous intensity and 
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amount of substance are needed to deal with all 
other branches of physics. 
Derived quantities : The physical quantities which 
can be defined using fundamental quantities are 
called derived quantities. 

e.g., speed, volume, force, etc. 


Apart from fundamental and derived units we also 
sometimes come across practical units. 


UNIT 


Unit is defined as the standard of measurement of 


quantity. 
To determine the magnitude of a physical quantity 
we need 
(i) 
(ii) the number of times that unit is contained in 
the quantity. 
Measurement of a physical quantity 

= numerical value (n) x unit (u). 
e.g., measurement of length = 1 m 
Here, n=1,u=m 
The units selected for the measurement of the base 
quantities are known as the base units or absolute 
units or fundamental units. 


the unit in which it is measured 


The units of all those quantities which can be 
obtained from the fundamental units are called 
derived units. 


SYSTEM OF UNITS 


A complete set of base and derived units is called as 
system of units. 
A few common systems are given below : 


e CGS system : This system is also called Gaussian 
system of units. In it length, mass and time have 
been taken as the fundamental quantities, and 
corresponding fundamental units are centimetre 
(cm), gram (g) and second (s) respectively. 

e FPS system : In this system foot, pound 
and second are the fundamental units for 
the measurements of length, mass and time 
respectively. In this system force is a derived 
quantity with unit poundal. 

e MKS system : In this system the length, mass 
and time have been taken as the fundamental 
quantities, and the corresponding fundamental 
units are metre, kilogram and second. The units 
of all other mechanical quantities like force, 
work, power, etc., are derived in terms of these 
fundamental units. 

e International system of units [SI units] : In 
1971 the International Bureau of Weights and 
Measures decided a system of units which is 
known as the international system of units. It 
is abbreviated as SI units from the French name 
Le Systéme Internationale d Unites and is the 
extended MKS system applied to the whole of 
physics. Now-a-days, most of the engineers and 
physicists use this system of units. 


SUPPLEMENTARY SI UNITS 
Radian (rad) : It is defined as the angle subtended 
at the centre of a circle by an arc equal in length to 
the radius of the circle. 

6 (in radian) = 


Arc l 


Radius r 

Steradian (Sr) : It is the solid angle subtended at the 
centre of a sphere by a surface of the sphere equal 
in area to that of a square, having each side equal to 
the radius of the sphere. 


Surface area 
Q (in steradian) =——————_ 


Radius? 


PRACTICAL UNITS OF LENGTH 
S.No. | Practical units  — : | 
1 1 astronomical unit = 1 AU = 1.496 x 10"! m 


(average distance of the sun from the earth) | 
2 1 light year = 1 ly = 9.46 x 1015 m 
(distance that light travels with velocity of 
3 x 108 m s” in 1 year) 


3. 1 parsec = 3.08 x 1016 m (parsec is the 
distance at which average radius of earth’s 
orbit subtends an angle of 1 arc second) 


4. 1 micron = 1 um = 10% m 
5. 1 angstrom = 1 A= 107m 
6. 1 fermi = 1 fm = 10-5 m | 


PRACTICAL UNITS OF MASS 
| S.No. | Practical units 


1. 1 tonne or 1 metricton=10°kg 
| 2 | 1 quintal = 10? kg 
3; 1 pound = 0.4536 kg 
l4 | 1 atomic mass unit = 1 amu or 1 u 
= 1.66 x 10” kg 


PRACTICAL UNITS OF TIME 


S.No. Practical units 


1. Solar day : It is the time taken by earth to 
complete one rotation about its axis w.r.t. 
the sun. 1 solar day = 86400 s 


2. Lunar month : It is the time taken by 
moon to complete one revolution around 
the earth in its orbit. 

1 lunar month = 27.3 days 


3. Solar year : It is the time taken by the 
earth to complete one revolution around 
the sun in its orbit. 


1 solar year = 3654 solar days. 


4. Tropical year : It is that year in which 
solar eclipse occurs. 


5. Leap year : It is that year in which the 
month of February is of 29 days. 


| 6. 1 shake = 10% s. 
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ACCURACY AND PRECISION 


Every physical measurement is a comparison 
of two similar physical quantities. To be valid, a 
measuring device must be compared against a 
widely accepted standard. Accuracy describes how 
much a measurement might differ from another 
measurement made with greater care. 

The precision of a measurement is the smallest 
amount of the measured quantity that can reliably 
be distinguished. Greater precision requires a more 
carefully manufactured device. 


DIMENSIONS OF A PHYSICAL QUANTITY 


If any derived unit depends upon the r? power of 
the fundamental unit, it is said to be of r dimensions 
in that fundamental unit. 


Also, all physical quantities can be expressed in 
terms of seven fundamental quantities. These seven 
physical quantities are called the seven dimensions 
of the physical world and are denoted by brackets 
st 

Dimensional Formula 

Dimensional formula of a derived physical quantity 
isan expression which of the fundamental quantities 
along with their powers, are required to represent 
that quantity. 


Dimensional Equation 


Dimensional equation of a physical quantity is the 
equation obtained by equating that quantity to its 
dimensional formula. 


S.I. Units, definition and dimensional formulae—synopsis 
S.No. Quantity Definition Dimensional S.I. Unit 
Formula 

ak Momentum Mass x velocity [MLT™]  |kgms” =| 
2: Force Mass x acceleration MLT~] kg m s? = newton 
3. Angle _Arc/radius [M°L°T°] radian 
4. Moment of Inertia (I) Mass x (distance)? [ML?] kg m? 
5 Angular Velocity (œ) Angle/time TA | rads“! 
6. Angular Acceleration («) | Angle/time? (T-] rad s~? 
Uk Impulse | Force x time MLT] newton second 
8. Pressure Force/area [MLT] pascal 

Lo Work , Force x displacement [ML?T-2] __ joule 
10. Energy Work ML?T?] joule 
ii; Power _Work/time ML2T%] joule s! = watt 
12. Density Mass/volume [ML] kg m3 
13. Torque Ixa [ML2T~] Nm 
14. Angular Momentum J=Io [MLT] joule second 
15: Moment of Momentum Momentum x length of arm [ML?T-] joule second 
16. Frequency Vibrations/second T] hertz 
17. Spring constant Force/length [MT~] Nm! 

Fr’ 

18. Gravitation constant (G) | G=—> MLT] N m kg? 
19. Surface Tension Force/length [MT-}] Nm! 
20. Surface Energy Energy/area [MT~] joule m? 
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P dy | 
21. Velocity Gradient Change in vel./dist. FT m] [s1 
F 
22. | Coefficient of viscosity (n) | = a ML"T] kg mst 
A: de or pascal second 
23. Stress Restoring force/area ML"T2] Nm? 
ee Change in dimension M°L°T? or No unit 
24. Strain aaan a Di T 
Original dimension TMENSIONIESS 
St MLIT] | Nm? 
25. Modulus of Elasticity ee l l 
Strain | 
i M°L°T? or No unit 
26. Poisson's Ratio ee Di ioni 
Longitudinal strain amensiomess 
27; Couple Force x distance [MI2T-2] | Nm 
28. | Angular Impulse | Couple x time _ [MPT]  Nms 
| E R Heat l Ş i 
S.No. Quantity Definition Dimensional _ S.I. Unit 
i Formula 
1. Heat (Q) Energy [MET ?] joule 
ls Hes 7 E al! 4.2 joule =i calorie | 
F - Ww 
2: Mechanical equivalent J = H [M°L°T°} joule (calorie)! 
of Heat 
Specific hi 22 
3. pecific heat S ar (L216-1] joule kg“! K-11 
4. Absolute Temperature — 6 kelvin = K 
5 Thermal Capacity Mass x specific heat [MLT 201] joule K! 
6. Molar sp. heat Specific heat x molecular wt. [ML?T 29 lmol!]] | joule K- (mol)! 
Wee Latent Heat Heat/mass LTA joule kg! 
8. Entropy Heat/temperature [MLT 201] joule K 
9: Solar Constant ee [MT~] watt m? 
Time X area 
PV 
10. Gas constant (R) R= aT [ML2T0-mol] | joule mol! K 
Energy 
it: Stefan’s constant (6) = 7 | MTSO watt m? K 
Area X time x (temperature) 
12. Wien’s constant (b) b = Àm * temperature LO mK 
13. Boltzmann constant etsy [ML2T 201] joule K+ 
Temperature 
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Energy 


14. Planck's constant (h) h= [MLT] | joule second 
Frequency 
15. Van der Waal constants | (a) a = Pressure x (Volume)? [ML°T~?L3] Nm? 
(a) and (b) (b) b= Volume correction mê 
16. Coefficient of Change in quantity o7 KÍ 
expansion (Linear, per unit quantity 
superficial, volume, per unit temperature 
pressure) | | 
17 Temperature gradient  d0/dx TO Km! 
18. | Coeff. of thermal Heat current x length [MLT 07] joule _ watt 
| conductivity Cross- sect .area x temp. diff. msK mK 
19: Thermometric Ratio of coefficient of thermal [L?T1] ms! 
conductivity or conductivity and thermal 
Thermal diffusivity capacity per unit volume 
20. Thermal Resistance Distance [M-!L-2739] Ks 
Thermal conductivity xarea | joule 
ia | 
Heat joul tt 
2 Emissive Power ———_ [MT*] eee 
(Area x time) ms m? 
| |. 
92: | Rate of cooling Heat lost MLT] joule 
Time sec 
23. Molar volume Volume _ [L° mol} m? 
No. of moles mol 
Waves—Light and Sound 
S.No. | Quantity Definition Dimensional Formula | S.I. Unit 
il, Luminous flux Light energy ML?T* or cd watt = lumen 
second 
2. Luminous intensity Luminous flux cd _ cdsr7 lumen 
Solid angle sr steradian 
Ener; 
3; Density of wave —— MT? wan 
| Time X area m? 
4. Energy density Energy MLIT- joule m 
Volume 
5. Intensity of wave _ Energy! MTS watt m? 
Area x time 
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Electricity 


S.No. | Quantity Definition Dimensional | S.I. Unit 
Formula 
ik Charge Current x time [TA] coulomb (C) 
2. Electric potential (V) | Work/charge [ML?T3A-1] volt = joule C7! 
newton E 
a: Electric intensity Force/charge [MLT3A~] Seah =NC™ 
4. Capacitance Charge/potential [M-1L*T4A?] farad 
5. Electric dipole Charge x distance [LTA] Cm 
moment 
6. Electrical permittivity A2 _ [M1L3T4A2] CN -Im 
(€) 4nFr °° 
7; Dielectric constant e r ; 
or relative permittivity | & = %7 [M°L°T°] Unitless 
0 
8. Resistance (R) Potential difference (ML2T-3A2 ohm (Q) 
Current 
9. Conductance (Resistance)! [M"1L2T3A2] Siemen = (ohm)-! 
10. Resistivit i 
or § ee resistance ischial [MITA ohm metre 
p Length 
E Conductivity (Resistivity)! [M-L-T3A?] ohm! metre 
12. Electric flux Electric intensity x area | [ML°T-3A7! N Cm? 
|13. | Specific charge | Charge/mass [MTA] | coulomb kg 
Magnetism 
S.No. Quantity Definition Dimensional S.I. Unit 
Formula 
i Magnetic moment Current x area [L2A] ampere m? 
2. Pole strength Magnetic moment/length [LA] ampere metre 
3. Intensity of Magnetic moment [L-A] Am“! 
magnetization (I) ee 
4. Coefficient of self 
ae i emf [ML2T2A-2] henry 
inductance di/ dt 
5 Coefficient of mutual i 
inductance es bless) [ML?T 2A] henry 
i dI, | dt 
6. Magnetic field Idlsin® 4 
or magnetic intensity (H) da? [LA] aperam 
r 
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PRINCIPLE OF HOMOGENEITY OF DIMENSIONS 


The powers of mass, length and time in each term 
on one side of a dimensional equation must be equal 
to their respective powers in each form on the other 
side of the dimensional equation. 


Uses of Dimensional Equations 


(i) To convert a physical quantity from one system 
of units to another. 
Let a physical quantity has dimensional formula 
M@L°T®, Let n; and n be its numerical values when 
the units are vı and v3, then 

nV, = ny2 

n[M; LT] =n, [MSL TS] 


(ii) To verify whether an equation connecting 
physical quantity is correct or not. 

(iii) To check the correctness of a given physical 
relation. 

(iv) To derive a relationship between different 
physical quantities. 

Note: 

(i) Dimensional analysis treats dimensions as 
algebraic quantities. 

(ii) In dimensional analysis, we add or subtract 
only the magnitudes of the same physical quantity 
and the resultant is a magnitude of the same physical 


quantity. 


ERROR IN A MEASUREMENT 


It is the difference between the measured value 
and the true value of a physical quantity. It gives an 
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Te Magnetic induction or F | weber 

magnetic flux density (B) BE Tsin® [MTA] | tesla or Z 
8. Magnetic flux () | =Bxarea | [ML2T-2A-1] weber (Wb) 

i ili anr’ (dB) mireag | ——Wweber__ 
gr Magnetic permeability (1) Sacer [ ] | ampere x metre 
4 
i m lyt ooro 
10. Relative permeability u= ii [M°L°T?) No unit 
‘0 | 

i Magnetic susceptibility X= [M°L°T9] | No unit 


indication of the limits within which the true value 
may lie. 


THERE ARE THREE TYPES OF ERRORS : 


e Systematic errors 
e Random errors 
e Gross errors 


Systematic Errors 


Errors whose causes are known are called 
systematic errors. These errors can be minimized 
by improving experimental techniques, selecting 
better instruments and removing personal bias as 
far as possible. 


Systematic errors are of various types : 


(i) Errors due to external factors : These errors 
are due to fluctuation in atmospheric conditions 
like temperature, pressure, humidity, etc. 

(ii) Errors due to imperfection : These are 
introduced due to negligence of facts. For example, 
error in weighing of a body arising out of buoyancy, 
which is usually ignored. 

(iii) Instrumental errors These errors are 
introduced due to improper designing and 
manufacturing defects of instrument. Often there 
may be zero error. For example, a meter scale 
may be worn off at the end of zero mark. The 
instrumental errors can be reduced by using more 
accurate instruments and applying zero correction, 
when required. 

(iv) Personal errors : These errors are introduced 
due to lack of proper care of the observer. For 
example, lack of proper setting of the apparatus, 
recording the reading without applying proper 
precautions and so on. 


Random Errors 


Error occur randomly. The causes of such errors 
are not known precisely. Hence, it is not possible 
to eliminate the random errors. For example, same 
person repeating the same experiment may get 
different readings each time. 

These errors can be minimized by repeating the 
experiment and taking the arithmetic mean of all 
the observations. The mean value should be close 
to the accurate value. 


Gross Errors 


These errors arise on the account of shear 
carelessness of the observer. For example : 

Reading an instrument without setting it properly. 
Recording the observations wrongly without caring 
for the sources of errors. 

Using wrong values of the observations in 
calculations. These errors can be minimized only if 
observer is sincere and mentally alert. 

Least count error : The smallest value that can be 
measured by the measuring instrument is known as 
its least count. All the readings or measured values 
are good only upto this value. 

The least count error is the error associated with the 
resolution of the instrument. 

Least count error belongs to the category of random 
errors but within a limited size; it occurs with both 
systematic and random errors. 

Using instruments of higher precision, improving 
experimental techniques, etc., we can reduce the 
least count error. 

Elimination of random error : To eliminate random 
error, a large number of readings are taken and their 


arithmetic mean is taken as the true value. 
a,t+a,+a,+...+4a Ia 
re cs E may a, 
n nizi 


ABSOLUTE, MEAN ABSOLUTE RELATIVE AND 
PERCENTAGE ERRORS 


Absolute error : The magnitude of the difference 
between the true value and the measured value is 
called absolute error. Such errors are given by 


Aa, =a —a, ; Aa, =a —a, 


Aa, =a—a, ; Aa, =a—a, 


Mean absolute error : The arithematic mean of the 
positive magnitudes of all the absolute errors called 
mean absolute error. 


Aa, |+| Aa, |+... + | Aa, 12 
ie! | | | | AE >| Aq; | 


n N j=l 


Relative error : It is the ratio of the mean absolute 
error to the mean value. 

Percentage error : The relative error expressed in 
percent is called the percentage error. 


Aa 
Percentage error = a x 100% 


ERROR COMBINATION IN A SUM OR A DIFFERENCE 


When two quantities are added or subtracted, 
the absolute error in the final result is the sum of 
the absolute errors associated with the individual 
quantities. 

if, Z=A+B 

= AZ=AA+AB 


ERROR COMBINATION IN A PRODUCT OR A 
QUOTIENT 
When two quantities are multiplied or divided, the 
fractional error in the final result is the sum of the 
fractional errors of the two quantities. 

AZ AA AB 


— = — 4+ — 


Z A B 


Error Due to the Power of a Measured Quantity 


The fractional error in the n® power of a quantity is 
equal to n times the fractional error in the quantity 
itself. 


If Z= A", then aye 
Z A 


P pI 


General rule : If Z= m5 then the maximum 
fractional or relative erron Z will be 

AZ_ peA AB, AC 

Z A B C 


% error in Z == x100 


= pA x100+4 28 x100+r 2C x100 
A B Cc 
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Propagation or combination of errors : It is summarised in the table given below : 


Operation Formula Absolute error Relative error Percentage error 
zZ AZ AZ/Z AZ/Z x 100 
: E 2 
bis A+B AA + AB AA+AB AA+AB L109 
A+B A+B 

Difference 

A-B AA+AB se Saree 106 
L IASB ASB na 
Multiplication 

AxB AAB + BAA AA AB AA , AB) 100 

A B A B 

Division | 

A ess AA | AB (AA +22 roo 

B B AGB) ADB 
Power AA AA 

An A™1AA n— n— x100 

n A A 
Root 1 |1 AA 1 AA 
1/n lee, z= —— x100 
a a A™AA nA nA 


SIGNIFICANT FIGURES 


The number of digits in the measured value which 
include certain digits plus one uncertain digit 
(doubtful digit) are called significant figures. 


RULES FOR COUNTING THE SIGNIFICANT FIGURES 
Rule I- All non-zero digits are significant. 

Rule II - All zeros occurring between the non- 
zero digits are significant. i.e. 230089 contains six 
significant figures. 

Rule ITI - All zeros to the left of non-zero digit in 
a number with or without decimal point are not 
significant. i.e. 0.0023 contains two significant 
figures. 

Rule IV - All zeros to the right of non-zero digits in 
a number without decimal point are not significant. 
e.g. 23000 contains two significant figures. 

The zeros to the right of non-zero digits (trailing 
zeros) in a number with a decimal point are 
significant. e.g. 0.2300 contains four significant 
figures. 

Remember : Forget zeros on left but do not forget 
zeros on the right. Also please note that in scientific 
notation 23000 should be written as 23.000 x 10°. 
Thus 23 thousands is written as 23 x 10° and it 
contains two significant figures. Similarly, 230 
hundreds is written as 230 x 10? and it contains 
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three significant digits. Thus power (or exponent) 
of 10 is irrelevant in finding the significant figures 
in scientific notation. However, all the trailing zeros 
appearing in the base number in it are significant. 
The change of units only changes the order of 
exponent but not the number of significant figures. 
e.g. 1.40 m = 1.40 x 10? cm 

both have three significant figures. 


ROUNDING OFF 

Rule 1 - If the digit to be dropped is less than 5, 
then the preceding digit is left unchanged. e.g. 8.22 
is rounded off to 8.2. 

Rule 2 - If the digit to be dropped is more than 5, 
then the preceding digit is raised by one. e.g. 6.87 is 
rounded off to 6.9. 

Rule 3: If the digit to be dropped is 5 followed by 
digit other than zero, then the preceeding digit is 
raised by one. e.g. 7.851 is rounded off to 7.9. 

Rule 4 - If the digit to be dropped is 5 or 5 followed 
by zero, then preceding digit is left unchanged, if it 
is even. e.g. 5.250 rounded off to 5.2. 

Rule 5 - If the digit to be dropped is 5 or 5 followed 
by zero, then the preceding digit is raised by one, if 
it is odd. e.g. 3.750 is rounded off to 3.8. 

Accuracy is the extent to which a reported 
measurement approaches the true value of the 
quantity measured. 


QUESTIONS FOR PRACTICE 


1. 


In a vernier callipers, N divisions of vernier 
scale coincide with (N - 1) division of main 
scale (in which one division represents 1 mm). 
The vernier constant is (cm) 

(a) N (b) N-1 


1 
(c) N- (d) —— 


10N 

The side of a cubical block when measured 
with a vernier callipers is 2.50 cm. The vernier 
constant is 0.01 cm. The maximum possible 
error in the area of the side of the block is 

(a) + 0.01 cm? (b) + 0.02 cm? 

(c) 0.05 cm? (d) 0.10 cm? 

A physical quantity is given by X = M°'LÌT'. 
The percentage error in measurement of 
M, Land T are a, B and y respectively. Then, the 
maximum % error in the quantity X is 


(a) aa + bB + cy (b) aa + bB - cy 
(o) £+ b PEI (d) none of these. 
a B y 


If ņ denotes coefficient of viscosity and 
G denotes gravitational constant then G x n 
yields the dimensions 

(a) M?L°T-3 (b) MLT? 

(c) ML?T-? (d) M°L?T-3 

A certain body weighs 22.42 g and has a 
measured volume of 4.7cc. The possible error 
in the measurement of mass and volume are 
0.01 g and 0.1 cc. Then maximum error in the 


densiy will be 
(a) 22% (b) 2% 
(c) 0.2% (d) 0.02%. 


In the formula, X = 3YZ?; X has dimensions of 
capacitance and Z has dimensions of magnetic 
induction. The dimensions of Y are 


(a) [M-3L-?T-2A4] (b) [ML?T?A?] 
(c) [M3L-?A4T4] (d) [M3L-?T8A4] 


7. 


10. 


11. 


12. 


GPhic', where G is the 
universal gravitational constant, h is the 


If the energy, E = 


Planck’s constant and c is the velocity of light, 
then i values of p, q and rare, respectively 


@) -1 L dand Oits 
335 2 2 2 


=a and > 


shee measurements are made as 18.425 cm, 
7.21 cm and 5.0 cm. The sum of measurements 
upto correct number of significant figures is 
(a) 30.635 cm (b) 30.64 cm 

(c) 30.63 cm (d) 30.6 cm 


In an experiment of simple pendulum, the 
errors in the measurement of length of the 
pendulum (L) and time period (T) are 3% and 
2% respectively. The maximum percentage 


ee ae 
r + 2 2 


i L 
error in the value of — is 
T? 


(a) 5% (b) 7% (c) 8% (d)1% 


The moment of inertia of a body rotating about 
a given axis is 12.0 kg m? in the SI system. 
What is the value of the moment of inertia in 
a system of units in which the unit of length is 
5 cm and the unit of mass is 10 g? 


(a) 2.4 x 108 (b) 6.0 x 103 

(c) 5.4x 105 (d) 4.8 x 105 

The dimension of angular momentum is 

(a) M°L!T-! (b) M!L?T~2 

(c) MIL?T-! (d) M?L!T-? 

In a slide callipers, (m + 1) number of vernier 


divisions is equal to m number of smallest 
main scale divisions. If d unit is the magnitude 
of the smallest main scale division, then the 
magnitude of the vernier constant is 


(a) m (b) Z unit 
o ae a ee 
(m+1) 
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13. 


14. 


17. 


18. 


72 


The equation of state of a gas is given by 
G s5) —b?)=cT, where B V, T are 
Vv 


pressure, volume and temperature respectively, 
and a, b, c are constants. The dimensions of 
a and b are respectively 

(a) MLT? and L°? (b) ML9T~? and L? 

(c) ML'°T?andLÉ (d) ML°T? and L’? 
The time dependence of a physical quantity p is 
given by p = po exp (-cit”), where o is a constant 
and tis the time. The constant a 

(a) is dimensionless 

(b) has dimensions [T-?] 

(c) has dimensions [T?] 

(d) has dimensions of p 


. An important milestone in the evolution of 


the universe just after the Big Bang is the 
Planck time tp, the value of which depends on 
three fundamental constants-speed of light in 
vacuum c, Gravitational constant G and Planck’s 
constant h. Then, ty o 


c 
(a) Ghe (b) Gh 
Gh / 
0 5 (d) (S) 
(3 © 


. The mass of a body is 20.0 g and its volume is 


10.0 cm°. If possible maximum errors in the 
measurement of mass of body and volume of 
body are 0.001 g and 0.01 cm’ respectively, then 
the maximum error in the value of density is 
(a) 0.001 g cm (b) 0.010 g cm? 

(c) 0.10 gcm? (d) none of these 

If3.8 x 10% is added to 4.2 x 10° giving due regard 
to significant figures, then the result will be 

(a) 4.58 x 105 (b) 4.6 x 105 

(c) 4.5 x 105 (d) 4.7 x 105 

When one metre, one kg and one minute are 


taken as fundamental units, the magnitude of a 
force is 36 units. What is the value of this force 


in CGS system? 
(a) 10° dyne (b) 10° dyne 
(c) 1% dyne (d) 107 dyne 
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19. 


20. 


21. 


22. 


23. 


24. 


The dimensions of ob* (o = Stefans constant 
and b = Wein’s constant) are 

(a) [M°L°T?] (b) [ML*T>] 

(c) [ML>T] (d) [ML5T=] 


In an experiment to measure the height of a 
bridge by dropping stone into water underneath, 
if the error in measurement of time is 0.1 s at 
the end of 2 s, then the error in estimation of 


height of bridge will be 

(a) 0.49m (b) 0.98 m 

(c) 1.96 m (d) 2.11 m 

If E, m, l and G denote energy, mass, angular 
momentum and gravitational constant 


respectively, the quantity (EP/m°G?) has the 
dimensions of 
(a) angle 
(c) mass 


(b) length 
(d) time 


In the following equation, x, t and F represent 
respectively, displacement, time and force : 


F=at+bt+ 


1 
+ Asin(t +0). 
ct+dx an » 

The dimensional formula for A-d is 

@)T* OL (c) M? (d) TL? 

The least count of the metre rod is 0.1 cm. What 
is the permissible error in the length of the rod 
measured with it ? 


(a) +0.2cm (b) +0.1 cm 
(c) +0.05 cm (d) + 0.01 cm 
A student performs an experiment for 


4n”] 
determination of & =T ,l=1 m, and he 


commits an error of Al. For The takes the time of 
n oscillations with the stop watch of least count 
AT and he commits a human error of 0.1 sec. For 
which of the following data, the measurement 
of g will be most accurate? 


Al AT n amplitude of 
oscillation 
(a) 5mm 0.2sec 10 5mm 
(b)5mm_ 0.2sec 20 5mm 
(c)5mm_ 0.1sec 20 1 mm 
(d)1mm_ 0.lsec 50 1 mm 


25. 


26. 


27. 


28. 


29. 


30. 


Which two of the following five physical 
parameters have the same dimensions ? 

1. energy density 2. 
3. dielectric constant 4. Youngs modulus 
5. magnetic field 

(a) 1 and 4 (b) land 5 

(c) 2and4 (d) 3and5 


In a new system of units, unit of mass is 
10 kg, unit of length is 1 km and unit of time 
is 1 minute. The value of 1 joule in this new 
hypothetical system is 

(a) 3.6 x 10-4 new units 

(b) 6 x 107 new units 

(c) 10!! new units 

(d) 1.67 x 104 new units 


The ratio of the dimensions of Planck constant 
and that of moment of inertia is the dimensions 
of 

(a) time 

(b) frequency 

(c) angular momentum 


(d) velocity 


refractive index 


Which of the following has the highest number 
of significant figures? 

(a) 1.64 x 10% kg (b) 0.006 m2 

(c) 7.2180J (d) 5.045J 


If E denotes the electric field and € is the 
permittivity of free space, the dimensional 


1 
formula of 3 EE? is 


(a) [ML?T-?] (b) [ML?T-}] 
(c) [MLT] (d) [MLT-}] 


The dimensions of resistance x capacitance are 
same as that of 
(a) current 

(c) frequency 


(b) energy 
(d) time-period. 


SOLUTIONS 
1. (d): NVSD=(N-1)MSD 


1 VSD= = MSD 
N 


V.C. = 1 MSD - 1 VSD 


2. 


=1 usp-[*=") MSD= L MSD 
N 
1 1 


mm =—cm 
N 10N 
(c) : Here / = 2.50 cm and Al = 0.01 cm 
Since A = P = (2.50 cm)? 


AA_, Al AA_, 0.01em 
A 1’ A 2.50cm 
2x0.01cm 2 
AA =—————_ x (2.50 cm) 
2.50 cm 
= 2x 0.01 x 2.50 cm? 
= 0.01 x 5 cm? 


or AA = +0.05 cm? 
(a): X = M'LÈT: 
Percentage error in X 


AX AT 


100 = 0 x 100+ bee x100+¢ x100 
X M L T 
As given, 
AM climes AL 100=8, AT jiy 
M È T 


Percentage error in X = aa + bB + cy. 
(d) : [G x n] = [MLT] [ML-T] 
= [M°L?T-3] 
mass m 
(b) : Density p =————_ (i) 
volume V 
Take logarithm on the both sides of eqn. (i), we 
get 
Inp = lnm - InV (ii) 
Differentiate eqn. (ii), on both sides, we get 
Ap_Am_ AV 


p m V 


Errors are always added for maximum error. 


MEG 


Attempt free online test and 
analyse your performance 


Log on to http://test.pcmbtoday.com 
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Maximum error in the density p will be 


=| A+ AF aoo% 
m V 


= LOL oe x100% =2% 
22.42 4.7 


6. (d):As q=CV, 


2m2 
[X]>[C]= ES =[ML?T*A?] 
MULT? 
, F 
F=Bilsin®, [B] -|F] 


MILT 


[Z] > [B]= Es ae (ML°T-?A7}] 

Given: X = 3YZ? = Y= X/(3Z?) 

[x _[Mr?rta?] 

[z?] [Mer -24-1 
=[ML?T8A*] 


or [Y]= 


7. (a): E=GP hic" si) 
[M!L2T~] = [MIL T -PML TMLT] 
= [MP+ L3P+2q+r [2-4-7] 
Applying principle 
dimensions, we get 


of homogeneity of 


-p+q=1 (ii) 
3p+2q+r=2 (iii) 
-2p-q-r=-2 ...(iv) 


Adding (iii) and (iv) we get, p + q=0 BE 
Adding (ii) and (v) we get,2q=1,q =5 


Bi nee gape 
From (ii) p=q l=5 i= 2 


iii 3 5 

Put in (iii), ~gtitr=2r=5 

8. (d) : Sum of the measurements is correct only 
upto one place of decimal corresponding to 


the number with least decimal places. 
18.425 + 7.21 + 5.0 = 30.635 = 30.6 cm 
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9. (b): Time period of simple pendulum is 


r-z 
£ 


Squaring both sides, we get 
(i) 


The maximum percentage error in g is 
Ag _AL AT 
Z x100= L T 
=3% +2 x 2% =7% 
From (i), we get 
fe Se 
T? 4m 


: a de 
The maximum percentage error in = is 


x10+2( } 100 


af) oon! 
AF! x 100= =F x100= 7% 


T? 


a b c 
won QE 
Dimensional formula of moment of inertia 

= [ML?T?] 
a=1,b=2,c=0 
Here, nı = 12.0, Mı = 1 kg, M2 = 10g 
I, =1m,L,=5cm, T;=1s, T,=1s 


1kg Pas 
m=n2o( #8) (=| (£) (Using (i)) 


1000 g )' (100 cm Ý 
=12x| —— x1 
10g 5cm 


= 12 x 100 x 400 = 4.8 x 10° 


(c) : Angular momentum = Moment of inertia 

x angular velocity 
[Angular momentum] = [MiL] [T1] = [MLT] 
12. (a):(m + 1) V.S.D. = m M.S.D. 


it. 


_ 


1V.S.D.=— MSD. 
m+1 


13. 


14. 


16. 


17. 


Vernier constant = 1 M.S.D. - 1 V.S.D. 


=1MSD.- fen MSD. 
m+1 


| 
~ (m+1) 


unit 
1 


(a) : Given, (> S|) =cT 
V 


Dimensions of [a] = dimensions of [PV°] 


[arl (a 


-2 
= MEP P= MeT] 


Now, dimensions of [b]* = dimensions of [V] 
[b] = [L°]? or [b] = [L°] 

(b) : Given : p = poet? 
af is dimensionless 


1 1 -2 
< (a]ļ=—=—-=[T*] 
[a] £] [T°] 


. (d) : [Gh] = [M“"L3T2][ML2T-!] = [M°LST-3] 


[c] = [LT] 


1/2 
Hence, (S) C [tp]=[T) 


° 


(d) : Maximum error in measuring mass is 
0.001 g, and maximum error in measuring 
volume is 0.01 cm. 

Ap _AM , AV_ 0.001 , 0.01 

p M V 20.0 100 


= (5 x 10%) + (1 x 103) = 1.05 x 103 
Ap = (1.05 x 10) x p 


-3 _, 20.0 = 
- aoe 3 
=1.05x10 X T00 0.002 g cm 


(b) : We will use the general rule of addition by 
making the powers same. 
i.e., we add 3.8 x 10% and 42 x 10%, we get 
45.8 x 10% = 4.58 x 10°. 


1 


g 


19. 


20. 


As least number of significant figures in given 
values are 2, so we round off the result to 
4.6 x 10°. 


b 
(a): ny =n mfu zf 
2 My | [1] Lh 


M,=1kg M,=1g 
Tj=l1m I,=1cm 
Tı=1 min T,=1s 

nı = 36 m=? 


The dimensional formula of force is [MLT-?]. 
a=1,b=1,c=-2 


1kg Tim Timin]? 
m =36| —— | | — 
1g lcm Is 
= 364 10008 ‘T100cm]' [60s] > 
7 g lcm Is 


_36x10° x10? _ 


3 
3600 =N 


Hence, in the CGS system of units the value of 
given force is 10° dyne. 


(b) : Wein’s displacement law 
AmT =b or b4=A,5T* 
From Stefan’s law, 


â) 


(ii) 
From (i) and (ii), 
4m4 
obt = E mT 
AtT 
_iMLT™ {LI 
WIT] 


[obt =[MLíT] 


(c): haut +59? 

h=0+5 x 9.8 (2)? =19.6m (i 
Ah (At 01) 1 

h =( t )-2( 2 Jen 


h 196 


“Io 10° 


=1.96m 
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21. (a): [E] = [MPT], [m] = [M],[/] = [ML7T-4], 
[G]=[M PT] 
EÊ [MT 2] [M LT 7] 
G2 [M"]:[MŻI T] 


= [M°L° T°] 
As angle has no dimension, this has the same 
dimension as the angle. 


22. b): F= at+bt+ + Asin(t + 0) 


1 
+dx 
As sin(wt + ọ) is dimensionless therefore A has 
dimensions of force. 
[A] = [F] = [MLT] 
As each term on RHS represents force 


» (EFA 
ipn 


(ene 

[F] [MLT 

As c is added to dx, therefore dimensions of 

c is same that of dx. 

[dx] = [c] 

[e] _ [MLT] 
id TD) 

The dimensional formula for A-d is 

[A-d] = [MLT~][M“L2T~] = [L“] 

23. (b): Permissible error = + least count = + 0.1 cm 


24, (d) : The error in g is minimum when the 
number of oscillations i.e. n is more. 


=(M Py 


or [d]= =[M LPT] 


Ag Al | AT) _ Al, 2AT, 
g FT T 
Al 2AT 


— should be minimum. Hence (d) 


1 
represents the best measured data. 
Work | 


25. (a): [Energy density)=| Volume 


D [MLT7L] 


i] =[ML İT?] 
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26. 


27. 


28. 


29. 


30. 


[Young’s modulus] = [Y]= Ea i 


Area [Aq] 
-2 
MLIT] [L] _ [MLT] 
wy) H 
The dimensions of 1 and 4 are the same. 
(a) : The dimensional formula of energy is 
[MĽ?T?]. 
Z [s] Pris J? 
m= 1| T0 10kg | |1 ig 1min 
11 1 3600 4 
=—x—x =— =3.6x10 
10 10° (60)? 10 
(b) : Planck’s constant, h = Z 


_ [MPT] 
o m 
Moment of inertia, Z= [ML?] 
h [MPT] 
I [MI] 
(c) : According to the rules of significant 
figures, 
1.64 x 10% kg has three significant figures. 
0.006 m? has one significant figure. 
7.2180 J has five significant figures. 
5.045 J has four significant figures. 


=[MĽT"}] 


=[T]= frequency 


1 
(c) : The term — EE? represents the energy per 
unit volume. 


2T 
So, the dimensional formula is ——~——- [Mier i 
[m] 
or [MLT] 
voltage 
(d): Resistance = 8E and 
current 
charge 
Capacitance = ee 
voltage 
Resistance x capacitance 
_ voltage charge _ charge 
current voltage current 
current Xx time period | i 
=———_ = time period. 


current 


oo 
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kkk 


In Rutherford scattering experiment, the 
correct angle of scattering of alpha particles for 
impact parameter equal to zero is 

(a) 0° (b) 90° (c) 180° (d) 270° 

The total energy of an electron in the 
second excited state of the hydrogen atom is 
-1.51 eV. The kinetic and potential energies of 
the electron in this state are respectively 

(a) 1.51 eV, -3.02 eV (b) -1.51 eV, 3.02 eV 
(c) 3.02 eV, -1.51 eV (d) -3.02 eV, 1.51 eV 


Figure shows the energy levels of the hydrogen 
atom along with some transitions marked as 
A, B and C. The transitions A, B and C 
respectively represent 

(Figure is not drawn upto scale). 


n=5 -0.54 eV 

n=4 | -0.85 eV 

n=3 B -1.51 eV 

n=2 i -3.4 eV 
| 

n=1 -13.6 eV 


(a) the first line of Lyman series, second line 
of Balmer series and series limit of Paschen 
series. 

(b) the second line of Lyman series, the second 
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x ky 
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Atract 


line of Balmer series and second line of 


Paschen series. 

(c) the first line of Lyman series, the third line 
of Balmer series and series limit of Paschen 
series. 

(d) the first line of Lyman series, second line 
of Balmer series and third line of Paschen 
series. 


The angular momentum of an electron in any 
orbit of hydrogen atom is proportional to 
(r = radius of the orbit) 


(a) T w+ or @v 


The de Broglie wavelength of an electron in 
2"4 orbit is (ag = Bohr radius) 

(a) 2may (b) 4mnao (c) 8nao (d) 167ao 
What is the minimum energy that must be 
given to a H atom in ground state so that it can 
emit an H} line in Balmer series ? 

(a) 13.06 eV (b) 12.75 eV 

(c) 10.2 eV (d) 2.86 eV 


The radius of Li** ion in its ground state in 
terms of Bohr radius ag is 


a 
(a) ao (b) (© 2a (d) 3a 
For which of the following atoms/ions Bohr 


model is not valid? 


(a) H (b) He (c) Li** (d) Het 
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9. Two hydrogen atoms in the ground state collide 
inelastically. The maximum amount by which 
their combined kinetic energy is reduced is 
(a) 10.2 eV (b) 20.4 eV 
(c) 13.6 eV (d) 27.2 eV 


10. The ratio of the speed of an electron in the 
ground state of hydrogen atom to the speed of 
light in vacuum is 

1 2 1 2 


(a) 7 (b) re (c) (d) 


11. The colour of first line of Balmer series is 
(a) blue (b) green (c) violet (d) red 


12. Bohr’s theory of hydrogen atom is based on the 
(a) quantisation of energy 
(b) quantisation of charge 
(c) quantisation of angular momentum 
(d) quantisation of speed 


13. An a-particle of energy 5 MeV is scattered 
through 180° by a gold nucleus. The distance of 
the closest approach is of the order of 
(For gold, Z = 79) 
(a) 1071 cm 
(c) 10714 cm 


(b) 1071? cm 
(d) 10716 cm 


14. v; is the frequency of the series limit of Lyman 
series, V is the frequency of the first line of 
Lyman series and v; is the frequency of the 
series limit of the Balmer series. Then 
(a) vi - V2 = V5 (b) v1 = 02 - V; 
© wits 1 (a) 1 z 1 z 1 

V V Us 


15. The simple Bohr model cannot be directly 
applied to calculate the energy levels ofan atom 
with many electrons. This is because 
(a) of the electrons not being subject to a 

central force. 

(b) of the electrons colliding with each other. 

(c) of screening effects. 

(d) the force between the nucleus and an 
electron will no longer be given by 
Coulomb’s law. 

16. The diagram shows the energy levels for an 
electron in a certain atom. Which transition 
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shown represents the emission of a photon with 
the most energy? 


(a) I (b) II (c) Il (d) IV 

17. In the Bohr model of the hydrogen atom, the 
lowest orbit corresponds to 
(a) zero energy (b) minimum energy 
(c) maximum energy (d) infinite energy 


_ 
go 


. According to Bohr model of hydrogen atom, 
the electric current due to motion of electron 
in n" orbit is proportional to 


1 1 
(a) z (b) 7 (c) n? (d) n° 


_ 


9. In the Bohr model of hydrogen atom, the ratio 
of the potential energy to the total energy of an 
electron in n" state is 
(a) -1 (b) 1 (c) -2  (d) 2 


20. A 10kg satellite circles earth once every 2 hin an 
orbit having a radius of 8000 km. Assuming that 
Bohr’s angular momentum postulate applies to 
the satellite, then the quantum number of the 
orbit of the satellite is (Take h = 6.6 x 10734 J s) 
(a) 5.3 x 1047 (b) 5.3 x 1045 
(c) 5.3 x 1043 (d) 5.3 x 104! 


21. The Hg line of hydrogen 
(a) has a wavelength 656.3 nm. 
(b) has a wavelength 434.1 nm. 
(c) has a wavelength smaller than that of Hy 
line. 
(d) is emitted in the transition from the third 
excited state to the first excited state. 


22. Which of the following statements is incorrect 
regarding Rutherford’s model of an atom? 
(a) Most of the mass of the atom is concentrated 
at the nucleus. 


23. 


24. 


25. 


26. 


31. 


(b) The size of the nucleus is very large as 
compared to the size of the atom. 

(c) The electrons revolve around the nucleus in 
well-defined orbits. 

(d) None of these 


Which of the following parameters is the same 
for all hydrogen-like atoms and ions in their 
ground states? 

(a) Radius of the orbit 

(b) Speed of the electron 

(c) Energy of the atom 

(d) Orbital angular momentum of the electron 


What is the wavelength of light for the least 
energetic photon emitted in the Lyman series 
of the hydrogen atom spectrum? 

(Take hc = 1240 eV nm) 

(a) 82nm (b) 102 nm 

(c) 122 nm (d) 150 nm 


The energy of an excited hydrogen atom is 
-3.4 eV. The angular momentum of the 
electron is 

(Take h = 6.63 x 1074 J s) 

(a) 1.05x10-34Js (b) 2.11 x 1074] s 

(c) 3.16x104Js (d) 4.22 x 104 J s 


The radius of the orbit of an electron in a 
hydrogen-like atom (atomic number Z) is 4.5a9 
where ag is the Bohr radius. Its orbital angular 


momentum is = . The value of Z is 
T 


(a) 2 (b) 3 ()4 (d5 


Electrons are bombarded to excite hydrogen 
atoms and six spectral lines are observed. 
If E, is the ground state energy of hydrogen, the 
minimum energy the bombarding electrons 
should possess is 


8E 15E 48E 
BE b) De @ Se a 2 
9 16 36 


(a) 


27. 


28. 


29. 


30. 


TWA HIGHER ORDER THINKING 
CM SKILLS QUESTIONS (HOTS) 


32. 


Which one of the following series of hydrogen 
spectrum is in ultraviolet region? 

(a) Lyman (b) Balmer 

(c) Paschen (d) Brackett 


In Rutherford’s scattering experiment, the 
number of a-particles scattered through an 
angle of 60° is 100 per minute. Then the number 
of particles scattered through an angle of 
90° per minute by the same nucleus is 

(a) 20 (b) 25 (c) 50 (d) 100 


In the Bohr model of a hydrogen atom, the 
centripetal force is furnished by the Coulomb 
attraction between the proton and the electron. 
If ao is the radius of the ground state orbit, m is 
the mass and e is the charge on the electron and 
£p is the permittivity of vacuum, the speed of 
the electron is 


y Eom e 
(a) — (b) lam 


E Ane aym 
) am (d) poe 
In Bohr theory of hydrogen atom, let r, v and E 
be the radius of orbit, speed of electron and the 
total energy of the electron respectively. Which 
of the following quantities is proportional to 
the quantum number n? 
Owr rE O až 
E v 


| 


A hydrogen sample is prepared in a particular 
excited state A. Photons of energy 2.55 eV 
get absorbed into the sample to take some of 
the electrons to a further excited state B. The 
quantum numbers corresponding to the states 
A and B respectively are 

(a) 2 and 4 (b) 3 and 5 

(c) 3and 6 (d) 4and 7 
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33. 


34. 


35. 


The energy of an electron in the n" orbit of 
positronium is 


13.6 27.2 
(a) -= eV (b) -272 ey 
n n 
27.2 13.6 
(c) — eV (d) -—>eV 
2n 2n 


The radius of the hydrogen atom in its ground 
state is ao. The radius of a muonic hydrogen 
atom in which the electron is replaced by an 
identically charged muon with mass 207 times 
that of an electron, a, is equal to 


(a) 207a (b) © 
H (d) a V207 


Hydrogen atom in its ground state is excited 
by means of a monochromatic radiation of 
wavelength 970.6 A . How many different 
wavelengths are possible in the resulting 
emission spectrum? (Take h = 6.6 x 10734 J s) 


(a) 2 (b) 4 (c) 6 (d) 8 


SOLUTIONS 


1. 


(c): For angle of scattering, 0 = 180°, the impact 
parameter is zero. 


(a) : In the second excited state, 
Total energy, E = -1.51 eV 
Kinetic energy, K = -E = -(-1.51 eV) = 1.51 eV 
Potential energy, U= 2E = 2(-1.51 eV) 
= -3.02 eV 


(c): A represents the first line of Lyman series, 
B represents the third line of Balmer series and 
C represents series limit of Paschen series. 


(d) : According to Bohr’s quantisation condition 
Angular momentum, L = a 
T 


Asre n?, 

Hence, L œ vr 2 

(b) : Radius of n orbit is 

T„ = tag where ag is, the Bohr radius. 

If À is the de Broglie wavelength of an electron 
while revolving in n® orbit of radius T,» then 
2mr, = nÀ 
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10. 


21, 
n 
For 2™ orbit, n = 2 
re 2an _ 2n(2)" ay 
2 


(a) : Hy line in the Balmer series corresponds 
to transition from n = 5 to n= 2. 

Therefore, electron in the ground state (n = 1) 
must be raised first to the state (n = 5). 

The minimum energy required for this purpose 
is 


=4Tag 


=- 0.54 eV + 13.6 eV = 13.06 eV 
(b) : Radius of n® orbit of hydrogen-like atom is 
2 


n 
Tn =z 


For Li** ion, Z = 3, n = 1 for ground state 
Radius of Li** ion in its ground state is 


a, = 

3 3 
(b) : Bohr model is valid only for one-electron 
atoms/ions. 
Bohr model is not valid in He atom because it 
has two electrons. 


(a) : Initial kinetic energy of each of two 

hydrogen atoms in ground state = 13.6 eV 
Kinetic energy of both H atoms before 

collision = 2 x 13.6 eV= 27.2 eV 

As the collision is inelastic, linear momentum 

is conserved but some kinetic energy is lost. 

If one H atom goes to first excited state and 

other remains in ground state, then their 

combined kinetic energy after collision 


= B6 eV + 13.6 eV = 17 eV 
2 
Reduction in their combined kinetic 
energy = 27.2 eV - 17 eV = 10.2 eV 
(a) : Speed ofan electron in the ground state of 
hydrogen atom is 
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11. 


12. 


13. 


14. 


1 2me? 1 2ne? c 
v= =c =Oc= —— 
4ne) h Ame) ch 137 
where c = speed of light in vacuum 
a Le 1 Fine structu: tant 
= =—— = Fine structure constan! 
4ne, ch 137 
v_1 
c 137 


(d) : The colour of first line of Balmer series is 
red. 


(c): Bohr’s theory of hydrogen atom is based on 
quantisation of angular momentum. 


(b) : At the distance of closest approach d, 
Kinetic energy of an alpha particle 
= Potential energy of alpha particle and the 
gold nucleus. 
1 (2e)(Ze) 


Ane d 
_ 1 2z 


Ane, K 


Here, 

K=5 MeV =5 x 106 eV 
=5x 106 x 1.6 x 107!" J 
=5x1.6 x10] 

Z=79 


Jz 9x10? x2x79x(1.6x107!?)? 
5x1.6x10 3 
= 4.55 x 107! m ~ 107}? cm 


(a) : For Lyman series 


1 1 
v=Re P w where n = 2, 3, 4, ... 


= co 


For the series limit of Lyman series, n 


1 1 
“Uy ne] 5-4 Jone (i) 
For the first line of Lyman series, n = 2 
1 1 3 P 
= -r| 5-3 [Re ~G) 
r 2 4 


For Balmer series 
1 1 
v=Rc| — —— | where n = 3, 4, 5... 
2 on 
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15, 


16. 


17. 


18. 


19. 


For the series limit of Balmer series, n = oo 
1 1 Re zi 
z i -r| Z- (iii) 


From equations (i), (ii) and (iii), we get 

VD) =V2 + V3 Or V -V2 = V3 

(a) : Each electron interacts not only with the 
positively charged nucleus (which provides the 
central force) but also with all other electrons 
ie. we have to take into account electron- 
electron interaction. Thus, the electrons are not 
being subjected to a central force. 

(c): I% transition is showing absorption of a 
photon. From rest of three transitions, II is having 
maximum energy from level n = 2 ton=1 


1 1 
ae ees 
n m 


(b) :In hydrogen atom, the lowest orbit 
corresponds to minimum energy. 


(a) : Electric current due to motion of electron 
in n® orbit is 

=e, 

For hydrogen atom, 

Frequency of electron in n'* orbit is 


= 1 ? 4 etm (i) 
"“\4ne,) PR ae 
2 2,5 
1 An em 
L=; — | < Using(i 
ü P whe eee 
Thus, 1, ot 
n 


(d) : For hydrogen atom, 
The kinetic energy of the electron in n'* state 
is 

me* 


a _ 13.6 
Behn? n? 


4 


eV 


where —5-5 =13.6 eV 
854 
The potential energy of the electron in n' state 
is 


2me* _ 272 


=-— = eV 
8egh?n® n? 


20. 


21 


22. 


23. 
24. 


Total energy of the electron in n'® state is 


4 4 

E=K+U= 
Begh n 8egh n 
4 
me 13.6 

“saan n 
U_, 
E 

(b) : Here, m = 10 kg, 


r = 8000 km = 8000 x 10° m = 8 x 10° m, 
T=2h=7200s 
According to Bohr’s second postulate 


L=mvr= zh. 
2T 
As yal 
T 
(=) nh 
m| — |r=— 
oh 20 
Qnr}? m 
Th 


_ (2x3.14x8x10°)” x10 


7 =5.3x10" 
7200 6.610 


. (d) : The wavelength of Hg line is 486.1 nm. 


The wavelength of Hg line is greater than that 
of Hy line (ny = 434.1 nm). 

Hg line corresponds to transition from the 
third excited state (n = 4) to the first excited 
state (n = 2). 

(b) : The size of the nucleus (~10-! m) is 
very small as compared to the size of the atom 
(= 107! m). 

(d) 

(c) : For any series, the transition that produces 
the least energetic photon is the transition 
between the home-base level that defines the 
series and the level immediately above it. 

For the Lyman series, the home-base level is 
at n = 1. Thus, the transition that produces the 
least energetic photon is the transition from 
the n = 2 level to the n = 1 level. 


13.6 
As E,= age eV 
n 


n 


25. 


26. 


27. 


13. 
E =-Ż56 eV =-13.6 eV 
1 


13. 
and E, =-Ż$ eV =-3.4 eV 
2 


The corresponding energy difference is 
AE=F,-E; 
=- 3.4 eV - (-13.6 eV) = 10.2 eV 
Wavelength of emitted photon is 
_ hc _1240eV nm 


= = 122 nm 
AE 10.2 eV 
(b) : The energy of n state of hydrogen atom is 
E, = ae eV 
2 
n 
> -13.6eV -13.6eV 
n =——____ = —___ = 
E, -3.4 eV 
C. Ep = -3.4 eV) 
n=2 
According to Bohr’s quantisation condition 
nh _2h_h 
Angular momentum, L = — =— =— 
2n 2n T 
6.63x10**J s 
314 


=2.11 x 10-4Js 
(a) : According to Bohr’s quantisation condition 
_nh 
2m 


2m 20 
Radius of n orbit for hydrogen-like atom is 


2 
n : . 

Ty = — a where ag is the Bohr radius 
Z 


Here, r„ = 4.5a9 
By 9 
45a z a or Z js 2 
(a) : The Lyman series is in the ultraviolet 
region , Balmer series is in the visible region, 
and the Paschen and Brackett are in the infrared 
region. 
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28. 


29. 


30. 


31 


32. 


33. 


34. 


(b) : According to Rutherford’s scattering formula 


N(®) = —— 
" sin* (6/2) 
N(90°) _ sin’ (60°/2) 7 sin’ 30° 
” N(60°) sin*(90°/2) sint 45° 
_(sin30°)* —@/2)* _1 


~ (sin45°)t (1/V2) 4 


Thus. 


N(90°) = 1 N(60°) = + x 100 = 25 
4 4 
(c): m? ae é 
` ag ATE, a 
_ e 
(4m€yaym) 
(a) : According to Bohr theory of hydrogen 


atom 1 
ræ n?, yo , Es- $e vreen 
n n 


. (b) : To obtain 6 spectral lines, as electron must 


E 
be excited to fourth orbit with energy e , so that 


15E, = _E, 
16 £ 16 


Hence, the minimum energy the bombarding 


the energy difference is 


electrons should possess is 


15E e 

16 
(a) : The allowed energies of hydrogen atom 
are 


E; =- 13.6 eV 
E,=-34eV 

E; =- 1.51 eV 
E4 =- 0.85 eV 


E; = - 0.54 eV and so on. 
A energy difference of 2.55 eV can only be 
absorbed in transition n = 2 to n = 4. So, the 
state A has quantum number 2 and the state B 
has quantum number 4. 


(d) 


2 
(b) : a -K 


nme? 


.. (i) 
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35. 


= Wey 
m™(207m)e* 
Dividing (ii) by (i), we get 


a 1 
t= =o 
= or ay 


a 

a 207 207 
(c): Here, A = 970.6 A = 970.6 x 1071 m 
Energy of the monochromatic radiation, 

hc 6.6x10 ** x3x108 
Bae es č 
4 970.6x10™ x1.6x107" 
= 12.75 eV 

Energy of the hydrogen atom is 


_ 136 


n2 


For ground state, n = 1 

E; = -13.6 eV 
Energy of the hydrogen atom after excitation 
of the state (n say) i.e., 


a 


s+ (ii) 


E,= eV 


E,=E, +E 
= — 13.6 eV + 12.75 eV =- 0.85 eV 
As E,=- 26 ey 
n2 
-085V 136 ey 
2 
n 
fia OE ig 
0.85 
n=4 


Thus, the hydrogen atom is excited to n = 4 
state. 
Total number of wavelengths in emission 


spectrum = ()a-) _ 4G) =6. 


2 2 
The possible emission lines are as shown in the 
figure. 


4 Į -0.85 eV 
3 | | -1.51eV 

2 -3.4 eV 
n=1 -13.6 eV 
an 
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dub le MUSING 


SOLUTION SET-12 
1. (c): Here R = Ry - Bt 


Radial component of velocity is 


v= ae ZR- Bt) =-B 


v= WR = (Ro - Bt) = Ro - Bt 
(C: @ = 1 rad s7!) 


v= v? +v? = JB? +(R -B° 
(a) : Work done by atmosphere, W = PatmAV 
C AV= v-Ž) i) 


or W = Poe = 


Initially gas in the container is in thermo- 
dynamic equilibrium with its surroundings. 
Pressure inside cylinder = Patm 
PV =nRT 


+b. ven? oe yoo! 


atm 
Putting in equation (i), we get 


Here, R=4m,r=1m and a=3m 


M=2kg and m=" ke 


(a) : Let A be the mass per unit length of wire. 
Moment of inertia of OA or QB, 


|’ 
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Moment of inertia of OPQ, I, = Amr x r? 


3 
r 
+Anr? 


14 
1=21, += a 


Here A= 
tr+2r 


14+3m \ 3 M 
~ I= rx 
3 (m+2)r 


14+3; 
=Mr ow 
3n+6 
(a) : From conservation of linear momentum, 
mv - mv + 0 = 3mVon 


n Vom = 0 
From conservation of angular momentum, 
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At the highest point of inner loop, 


2 2 
mv mv 
ng NS = > Ne —mg 


The block may not loose contact if N > 0 
2 
a mg 20 
f 


or mv? > mgr .. (i) 


From conservation of energy 
1 
3m +2mgr = mgR 


= mv? =2mgR - 4mgr 


or mgr <2 mgR - 4mgr 
or 5r<2R 


[Using eqn. (i)] 


300V 300V 
220 V, 50 Hz 


As V, = Vc=2300 V, 


and V =4 V2 + (V; - Vo}? 


Also, I= + h 


dI dhì dh € ËL E 
0! => = ga 
dt dt dt Leg L h 
EERE 
Leg L h 
=, -4e 
a Lto 


(a) : The equivalent capacitance in each case 
are as follows : 


i 3 2 11 c=! 


a +-= or C= F 
(a) c 5x2 2 10 m” 
1 1 3:13 8 
(b) == +>= or C=— uF 
C 4x2 2 8 13 
1 1 4 13 
C= F 
© C"ixa'a 6 1 OB" 
@) tot ge” or Gaty 
C 2x2 2 4 11 


. (a) : Current through the circuit, 


(n-le-e _(n-2)e 
nr o m 


I= 


Potential drop across each cell, except A, is 


(n—2)e 
e€—Ir=e————xr 
nr 
2e 2e 
=g-£+—=— 
n n (010) 


Buy MTG Books Online from www.mtg.in 
get 


on orders above Rs. 999/- 
Apply coupon code - 
AN COUPON25 


MTG Books are also = on 


“offer not applicable on combos 


www. flipkart.com | www.amazon.in | www.snapdeal.com 


PHYSICS FOR YOU | AUGUST'14 89 


JEE T Examiners Mind 


CHEMISTRY 
t day 


A 
A 
A 
A 
“a 
= 


Concept Map 


Advanced), AIPMT, 
PMTs, All State = 
Level Engg.& 3 
— Medical Exams ş 
TD ~~ 
i“ 
MN 


k For JEE (Main & 
~ 
= 


2 
D 
Rw 


Trust of over 1 Crore readers. Since 1982. 


+ Practice steadily, paced month by comprising experts and members confidence-building exercises, 


month, with very-similar & model from MTG’s well-experienced new studying techniques, time 

test papers Editorial Board management, even advice from 
+ Self-assessment tests for you to + Stay up-to-date with important past IIT/PMT toppers 

evaluate your readiness and information such as examination + Bonus: exposure to competition 

confidence for the big exams dates, trends & changes in syllabi at a global level, with questions 
+ Content put together by a team + All-round skill enhancement - from Intl. Olympiads & Contests 


Please accept my subscription to: 


(Confirm your choice by ticking the appropriate boxes) Name: 


i i 
i i 
i i 
i i 
| PCMB combo f Complete Postal Address: ; 
| _J1yrz 900 __| 2yrs:% 1,500 _| 3 yrs: ¥ 2,100 4 
| (save? 540) (save? 1,380) (save? 2,220) i 

i 

| PCM combo i 
| | 1 yr: 800 l 2yrs:z1,200  _]3yrs:¥ 1,700 ~ 
| (save? 280) (save? 960) ave 1540) | Code rang | | ! 
; PCB combo = 1 
| _1yr:z 800 _|2yrs:2 1,200  _]3yrs:7 1,700 Other Phone #| 0 | RATE | ' 
| (save? 280) (save 960) (save? 1,540) a ' 

i re z Email i 
ı Individual magazines X 

e a ey Orders. Mail this i ibscriptior 

|_| 1yr:z 300 _| 2yrs:z 500 l 3 yrs: 675 à r 
1 (save® 60) (save? 220) (save? 405) i 


PHYSICS FOR YOU | AUGUST '14 


